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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  twentieth  annual  meeting  of  the  Engineers'  Society 
of  Western  Pennsylvania,  was  held  in  the  Lecture  Room  of 
the  Society’s  House,  TIG  Penn  Ave.,  Pittsburg,  Pa.,  Tuesday 
evening,  Jan.  Id,  1900,  the  President,  Mr.  II.  J.  Lewis,  being 
in  the  chair  and  forty-eight  members  and  visitors  present.  The 
meeting  was  called  to  order  at  8:35  o’clock  and  the  minutes  of 
the  preceding  annual  meeting  were  read  and  approved. 

The  following  report  was  read  by  the  Treasurer: 


1899. 

January  17. 


REPORT  OF  TREASURER, 

FOR  THE  YEAR  ENDIN’ or  JANUARY  16,  1900. 

RECEIPTS. 

Balance . 

Dues  to  January  1896, 
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Advertising . 
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EXPENDITURES. 


Rent . $1500.00 

Salary  of  Secretary .  600.00 

Printing .  951.87 

Office  Expenses .  226.53 

Illustration .  67.50 

Repairs  and  Improvements .  54.65 

Rent  of  Stereopticon .  22  00 

Library .  57.95 

Gas .  59.34 

Addressing  Machine .  70.70 

Stenographer .  71.00 

Periodicals .  26.00 

Insurance .  40.00 

Commissions .  31.80 

Lunches  and  “  Sm  ker” .  10.72 

-  3790.06 

Balance .  501.01 


Respectfully  submitted, 

A.  E. 


•$4291.07 


F  ROST, 
Treasurer. 


A  vote  of  thanks  was  tendered  Mr.  Frost  for  his  Ions: 
and  faithful  service  as  Treasurer  of  the  Society. 

Mr.  G.  S.  Davison — If  the  Treasurer’s  report  is  still  in 
order,  I  would  like  to  say  that  I  have  noted  a  couple  of  points 
that  the  Treasurer  has  not  referred  to.  One  is  that  in  all  our 
prosperity,  there  was  but  $57.95  spent  on  our  library.  There 
might  have  been  more  done  in  that  direction  and  I  hope  we 
will  be  able  to  do  so  in  the  future.  The  fact  that  we  have  a 
good  surplus  to  start  on  would  certainly  give  us  heart  to  do 
something  for  the  library.  I  was  much  pleased  by  the  showing 
of  the  Treasurer.  Another  fact  brought  out  was  that  while 
we  pay  $1500  rent  for  this  building,  still  we  have  a  credit  of 
$936  from  sub-letting,  which  makes  the  rent  of  our  quarters 
only  $564.  I  call  attention  to  this  fact  for  the  reason  that  it 
was  a  very  serious  question  at  the  time  that  we  thought  of 
having  such  quarters  as  these,  whether  the  Society  could  afford 
to  leave  a  place  where  they  were  getting  rent  free  and  pay 
anything  for  rent.  A  committee  was  appointed  to  secure 
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quarters  with  the  instructions  that  they  were  not  to  exceed 
$900  annual  rent.  The  committee  made  arrangements  accord- 
ingly,  and  I  am  pleased  to  sea  that  it  has  not  cost  t he  Society 
$900  anv  year,  and  I  believe  it  has  cost  less  this  year  than  any 
other. 

Mr.  H.  J.  Lewis — We  were  not  sure  that  we  would 
have  such  prosperous  times  when  we  took  these  quarters. 

M  r.  Frost — If  you  will  look  back  over  the  books,  month 

«/ 

by  month,  you  will  see  that  there  were  many  months  of  ad¬ 
versity,  and  one  w  here  the  account  in  the  treasury  w  as  down 
to  $20,  but  there  has  been  a  very  happy  change  in  the  allairs 
during  the  last  few  months. 

Mr.  H.  J.  Lewis — The  auditing  committee  has  passed 
upon  this  report  of  the  Treasurer  and  their  signatures  are  here 
appended. 

It  was  voted  that  the  report  of  the  Treasurer  be  received 

and  tiled. 

The  following  report  was  read  by  the  Secretary: 

Membership  at  close  of  year  ending  January  17,  1899 .  363 

At  the  Annual  Meeting,  January  17,  1899,  there  were 
eight  (8)  names  dropped  from  the  roll .  8 

There  were  eleven  (11 )  resignations  and  four  (4)  deaths 

during  the  year .  15 

25 

During  the  year  two  (2)  of  the  applicants  elected  in  1898 
matriculated,  and  seventy-six  (76)  applicants  were 
elected  members  of  the  Society  during  1899,  and  of 
these  fifty-five  (55)  matriculated .  57  31 

397 

The  average  attendance  at  the  monthly  meetings  of  the  Society  dur¬ 
ing  the  year  was  thirty-eight  (38). 

Reginald  A.  Fessenden,  -Sc’;/. 

Prof.  Fessenden  pointed  out  the  fact  that  the  Society  had, 
during  the  last  four  years  gained  practically  a  thousand  dollars; 
that  in  1896  they  ran  behind  $420.13,  while  this  year  they 
have  a  credit  of  $501.01.  He  also  called  attention  to  the  fact 
that  the  amount  actually  spent  on  the  library  was  really  over 
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$200.00,  us  $150.00  of  subscriptions  per  annum  were  received 
and  paid  for  by  exchanging  our  own  proceedings,  so  that  the 
item  “sale  of  proceedings"  really  amounted  to  about  $265.00 
instead  of  $115.00.  It  was  voted  that  the  report  of  the  Secre¬ 
tary  be  received  and  tiled. 

For  the  Program  Committee,  Mr.  C.  M.  Albree  reported 
that  the  committee  had  papers  promised  for  five  or  six  meet¬ 
ings  ahead,  but  everybody  was  so  busy  now  that  it  seemed 
almost  impossible  to  find  anyone  to  take  the  trouble  to  prepare 
a  paper. 

For  the  House  Committee,  Mr.  G.  W.  Schluederburg 
reported  that  there  had  been  an  effort  made  by  the  committee 
to  hold  the  lease,  and  that  they  had  some  correspondence  with 
the  owner  who  will  be  in  Pittsburg  soon.  An  offer  had  been 
made  to  take  the  house  for  a  number  of  years  at  the  same 
terms. 

Mr.  William  Bradford  reported  for  the  Deception  Com¬ 
mittee  that  the  finances  were  in  good  shape  as  far  as  they  had 
gone;  that  there  was  a  slight  deficiency  which  they  hope  to 
make  up  the  first  part  of  February.  He  also  stated  that  the 
committee  would  like  every  member  to  do  his  utmost  to  sell 
tickets  for  the  banquet. 

Next  in* order  was  the  report  of  the  Board  of  Direction. 

The  Board  of  Direction  recommended  the  expulsion  of 
thirteen  members  for  non-payment  of  dues. 

It  was  voted  that  the  names  be  stricken  from  the  rolls. 

Prof.  Fessenden  stated  that  all  those  wishing  Society  but- 
tons  should  leave  their  names  with  the  Secretary,  and  when 
twenty-five  names  were  secured  they  would  send  for  the 
buttons. 

The  President  then  read  his  annual  address. 
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The  year  just  past,  and  possibly  the  one  before  us,  marks 
the  crest  of  one  of  the  great  tidal  waves  which  occur  in  com¬ 
merce  and  industry  at  intervals  of  about  two  decades.  After 
a  period  of  depression  during  which  the  whole  nation 
learned  to  purchase  and  consume  only  for  its  bare  necessities 
and  in  which  each  producer  strove  to  bring  forth  the  maximum 
of  product  with  the  greatest  possible  economies,  we  now  find 
ourselves  with  a  comfortable  balance  of  foreign  trade  in  our 
favor,  and  capital  long  idle  or  poorly  invested,  ready  to 
embark  in  enterprises  which  promise  a  fair  profit. . 

In  1879,  our  country  had  recovered  from  the  panic  of 
‘73,  and  then  entered  upon  a  period  of  activity  similar  to 
that  of  the  present  except  along  different  lines.  At  that  time, 
the  demands  upon  us  for  flour  and  beef  were  so  great,  and 
pushed  prices  to  such  a  point  that  it  was  at  once  profitable 
and  necessary  to  develop  new  areas  of  production.  This 
was  accomplished  by  large  extensions  of  railroads  into  new 
territory  and  the  encouragement  of  emigration  thereto  of  a 
population  of  producers.  Labor-saving  machinery  in  the  pro¬ 
duction  of  farm  crops  was  well  introduced  previous  to  this 
time,  and,  under  the  favorable  conditions  of  large  demands 
and  high  prices,  its  use  and  improvement  was  greatly  stimu¬ 
lated.  The  agricultural  population  was  therefore  actively  and 
profitably  employed,  large  forces  of  consumers  were  busy  with 
the  construction  and  operation  of  railroads,  while  the  mines, 
the  mills  and  the  workshops  were  busy  with  needed  supplies. 
Great  consolidations  of  railroad  properties  into  trunk  lines 
were  completed  and  necessary  feeders  were  built,  our  remain¬ 
ing  agricultural  areas  were  rapidly  settled  and  developed, 
while  great  industrial  communities  were  formed  where  agri- 
cultural  products  were  put  in  shape  for  consumption  and 
where  supplies  were  produced  for  the  rapidly  specialized 
demands  of  modern  civilization. 

For  a  time,  the  general  activity  of  the  country  supported 
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a  demand  for  all  its  products,  and  at  good  prices,  but  this  in 
turn  stimulated  production  until  it  finally  reached  the  point  of 
internal  competition.  Our  farming  areas  were  extended  until 
thev  not  only  included  everything,  having  sufficient  rainfall 
but  also  arid  regions  which  could  only  produce  by  irrigation 
and  at  times  of  comparatively  high  prices.  The  building  of 
railroads  was  so  hotly  pushed  in  the  race  for  strategic  control  of 
territory  that  different  lines  often  became  competitors  before 
either  one  had  developed  a  paying  traffic.  The  workshops 
were  pushed  until  the  farmers  were  supplied  with  implements; 
the  railroad •  with  rails,  cars  and  engines  and  other  industries 
were  loaded  up  in  like  manner  until  the  problem  of  production 
became  more  a  matter  of  maintenance  of  the  old  than  the 
construction  and  sale  of  new  machinery.  The  development  of 
mines,  on  account  of  the  great  areas  available  and  the  small 
investment  required,  was  carried  forward  until  competition 
between  them  became  their  worst  enemy. 

.  The  Hush  times  of  ’79,  therefore,  gradually  drifted  into 
the  depression  of  ’83,  which  was  the  natural  result  of  the 
causes  above  mentioned,  together  with  others  more  obscure. 
After  a  short  lull,  however,  the  demand  in  many  lines 
began  to  increase,  and  the  general  condition  of  the  country 
was  easier.  About  this  time,  however,  the  American  farmer, 
who  had  been  finding  a  foreign  market  for  his  surplus  bread¬ 
stuff,  began  to  feel  the  competition  of  Russia,  Egypt  and 
India.  He  was  thus  in  a  position  from  which  he  knew  not 
how  to  turn  back  with  profit  as  the  demand  for  beef  and  pork 
was  spoiled  by  the  increased  number  engaging  in  their  produc¬ 
tion  as  the  prices  of  breadstuff  fell.  The  whole  agricultural 
community  was,  therefore  gradually  reduced  to  a  condition  of 
the  most  rigid  economy.  While  the  farmer  was  wading 
gradually  deeper  into  misfortune,  many  of  the  industries  of 
the  country  accompanied  him,  while  others  were  temporarily 
bolstered  up  by  a  structure  of  legislation  and  combination  as 
to  prices  ;  but  even  these  suffered  from  decreased  market. 
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Unnatural  conditions  cannot  long  survive,  however,  and 
in  ’93  these  latter  were  suddenly  dropped  into  deep  water 
along:  with  the  rest.  Many  plants  were  closed  down  and  only 
those  with  low  cost  of  production  were  able  to  continue.  It 
was  a  clear  demonstration  of  the  fact  that  artificial  conditions 
cannot  lonir  endure  airainst  natural  causes.  In  this  connection, 
it  may  be  noted  that  nearly  all  of  the  Western  roads  who 
attempted  to  protect  their  communities  by  giving  low  long- 
haul  rates  to  put  them  in  competition  with  more  fortunately 
located  producers  in  the  East,  were  forced  into  bankruptcy. 

The  panic  of  '93  left  just  two  alternatives  before  every 
business  man,  manufacturer  and  corporation  ;  either  to  show 
complete  ability  to  settle  all  outstanding  obligations  in  full  or 
be  declared  insolvent.  Settlement  day  had  come,  and  many 
parasites  were  removed  from  the  business  world,  obsolete 
plants  were  closed  and  unsound  corporations  went  into  liqui¬ 
dation.  The  lesson  of  economy  was  forced  upon  all,  from  the 
greatest  corporation  manager  down  to  the  poorest  laboring 
man.  The  obligations  of  men  and  corporations  were  either 
wiped  out  or  scaled  down  to  a  paying  basis.  Econimies  in 
production  and  consumption  alike,  were  forced  upon  those 
who  had  heretofore  neglected  them.  Our  imports  were 
gradually  reduced  and  under  the  stimulus  of  cheapened  pro¬ 
duction  and  lower  prices,  an  increased  stream  of  exports 
flowed  outward,  until  finally  the  balance  of  foreign  trade  was 
in  our  favor  and  our  own  people  began  to  absorb  at  a  greatly 
reduced  price,  many  of  our  securities  formerly  held  abroad. 
During  this  time,  we  wore  out  everything  from  old  maehinerv 
to  old  clothes  and  laid  the  sure  foundations  for  a  health v 
demand  when  the  proper  time  should  arrive.  The  production 
of  everything,  from  wheat  to  pig  iron,  was  restricted  by 
natural  causes  until  demand  finally  overtook  the  supply. 

The  lessons  of  caution  and  economy  had  been  so  well 
learned  that  our  improved  condition  existed  for  some  time 
before  serious  efforts  were  made  to  provide  for  the  rising 
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wave  of  demand  ;  but  finally  it  burst  all  bounds,  and  in  the 
year  just  past  the  producer  found  his  condition  changed  from 
that  of  a  seeker  of  business  to  where  the  business  eagerly 
sought  him.  Prices  eventually  shot  upward  but  not  until  a 
great  volume  of  production  had  been  tied  up  at  the  old  rates. 
This  has  now  been  fairly  well  cleared  away  and  producers  are, 
at  present,  in  position  to  receive  full  benefit  of  improved  con¬ 
ditions.  Increased  capacity  is  demanded  to  take  the  place  of 
former  plants  abandoned  because  obsolete  and  to  supply  the 
additional  needs  of  a  growing  population.  The  reduced  prices 
of  many  of  our  products  during  the  time  of  depression  carried 
them  into  new  fields  in  which  thejr  persist  and  must  be 
provided  for. 

A  period  of  activity  is  before  us  until  the  country  is 
supplied  with  new  material  and  appliances  according  to  its 
needs  and  we  settle  back  to  the  maintenance  of  the  old  in  place 
of  the  production  of  the  new.  The  volume  of  exports 
developed  during  our  period  of  low  prices,  is  a  hopeful  sign 
and  may  be  of  great  help  when  the  home  demand  for  new 
material  begins  to  decline. 

The  period  above  has  been  ihus  roughly  sketched  for  the' 
reason  that  in  no  other  of  the  same  length,  has  the  American 
engineer  been  called  upon  for  the  solution  of  so  many  great 
and  varied  problems,  and,  in  no  other  has  he  been  accorded  so 
much  of  professional  recognition. 

Following  up  the  expansion  of  railroading  with  which  it 
began,  he  has  been  called  upon  to  locate  great  and  small 
systems,  often  over  the  most  difficult  ground  in  the  country. 
The  problem  of  roadway,  with  its  auxiliary  structures  and 
construction,  has  been  worked  out  by  a  process  of  exclusion 
until  all  roads  are  now  following  the  same  general  lines, 
instead  of  the  chaos  of  design  and  construction  of  twenty 
years  ago.  The  efficiency  of  motive  power  and  rolling  stock 
has  been  fully  doubled  in  every  respect.  Terminal  problems, 
then  in  their  infancy,  have  in  the  meantime  demanded,  if  any- 
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tiling,  more  ingenuity  than  the  location  of  the  trunk  lines 
which  required  them.  The  abolishment  of  grade  crossings, 
especially  in  cities  with  heavy  street  traffic,  has  required  care¬ 
ful  and  ingenious  handling,  not  only  in  construction  but  in 
providing  for  train  movement  while  changes  were  made. 

The  different  mining  interests,  from  which  so  much  of 
the  railroad’s  traffic  is  derived,  and  upon  which  their  operation 
so  greatly  depends,  have  increased  in  full  proportion  to  trans¬ 
portation  facilities.  As  to  mining  methods,  twenty  years  ago 
we  were  largely  dependent  on  foreign  engineers  and  foreign 
methods,  while  to-day  the  American  mining  engineer  and  his 
distinctive  methods  have  won  a  recognition  at  home  and  abroad. 


The  great  and  rapid  concentration  of  population  in  cities 
which  came  with  railroad  development,  has  set  new  and  difficult 
problems  before  the  engineer.  Water  supply,  sewering  and 
sewage  disposal,  street  construction  and  cleaning,  city  and 
suburban  rapid  transit,  lighting,  heating,  power  distribution, 
telephonic  communication,  and  vertical  construction  of  build¬ 
ings  have  made  strides  which  can  hardly  be  realized  until  we 
reflect  that  until  1879  the  telephone  was  little  more  than  a 
curious  plaything,  while  the  dynamo  and  arc  light  were  more 
of  laboratory  experiments  than  commercial  facts.  On  all  of 
these  things  the  engineer  has  placed  his  mark  with  a  bold  yet 
careful  hand. 

Twenty  years  ago,  we  were  dependent  upon  foreign 
sources  for  a  large  percentage  of  our  supply  of  the  useful 
metals,  notably  iron  and  steel.  With  the  development  of  our 
mines  and  railroads,  has  come  the  construction  of  furnaces 
and  mills  more  than  ample  for  our  own  needs  and  under  the 
hard  schooling  of  the  late  depression,  we  have  developed 
economies  of  method  which  may  enable  us  to  more  than  bal¬ 
ance  our  debts  of  foreign  material,  incurred  in  the  past. 

The  swings  from  general  prosperity  to  depression  are  felt 
by  the  engineer  in  a  practical  way  both  as  to  their  direct  effect 
upon  his  incoms  and  in  the  variation  of  problems  set  before 
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him.  In  tiush  times  he  is  culled  upon  to  plan  a  great  amount 
of  work  with  little  time  for  reflection,  and  this  is  rushed 
through  with  more  or  less  disregard  as  to  cost.  These  things 
are  then  called  upon  to  go  through  a  time  of  depression  and 
still  earn  dividends.  It  is  impossible  to  change  this,  as  things 
are  now  ordered,  but  it  is  no  less  a  matter  for  regret  that 
problems  of  great  moment  which  are  set  before  us  for  hurried 
solution,  could  not  have  the  benefit  of  reflection  during  some 
of  our  leisure  hours.  In  slack  times  we  are  called  upon  to 
aid  in  the  work  of  retrenchment,  both  as  to  ways  and  means, 
and  also  as  to  our  incomes  which  share  the  general  pruning. 

The  past  year  has  been  a  remarkable  one  in  many  ways. 
Idie  business  of  the  country  has  shown  a  recuperative  power, 
both  as  to  volume  and  price,  which,  even  those  best  informed 
could  hardly  foresee.  Great  combinations  of  capital  have  been 
built  up  into  industrial  enterprises  whose  efficiency  and  econo- 
mv  should  be  greatly  increased  thereby.  Those  of  them  which 
include  mainly,  well-built  modern  plants  with  low  cost  of 
operation,  require  only  careful,  broad-minded  management  to 
endure.  Others,  which  have  taken  over  a  large  percentage 
of  old  inefficient  plants,  can  hardly  escape  disaster  with  a 
consequent  weeding  out  of  that  which  is  obsolete. 

Heretofore,  trunk  line  railroads  have  been  the  most  not¬ 
able  examples  where  large  blocks  of  capital  have  been  con¬ 
trolled  under  one  head.  If  the  example  of  the  best  managed 
roads  is  worth  anything,  the  great  industrial  corporations  will 
avail  themselves  of  the  best  obtainable  engineering  service,  and 
the  young  men  starting  in  this  department  will  be  utilized, 
after  proper  training,  in  operation  and  management. 

The  total  of  horse  power  in  steam  engines  and  other  prime 
movers,  which  was  added  to  the  world’s  stock  during  the  past 
vear  is  easily  greater  than  ever  before,  and  the  amount  of  our 
contracts  abroad  show  that  we  are  not  falling  behind  in  design. 

C  C 

The  exile  of  the  horse  from  the  city  may  now  be  looked 
for  with  confidence,  and  this  is  a  matter  for  congratulation 
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from  both  the  sentimental  and  economic  standpoint.  The  city 
horse  is  an  expensive  means  of  locomotion,  his  life  is  not 
pleasant,  and  his  place  on  the  breeding  farm  is  needed  for  beef 
cattle  to  meet  our  growing  demands  in  that  line. 

O  O 


During  the  last  twenty  years  the  engineering  profession 
has,  by  the  merit  of  its  work,  won  a  fairly  full  recognition  of 
the  value  of  services  rendered,  and  let  us  hope  that  at  the  end 
of  the  next  twenty,  they  may  come  to  be  so  rewarded  as  to 
enable  the  worn-out  engineer  to  spend  his  declining  days  in 


peace  and  comfort. 


The  President  announced  that  the  next  order  of  business 
would  be  the  election  of  officers  for  the  ensuing  year. 

The  President  announced  candidates  for  offices  reported 
by  the  Nominating  Committee  as  follows  : 

O 

OFFICERS  FOR  1900. 

President — V.  A.  Bole,  term  expires  1901. 

Vice-President — C.  F.  Scott,  term  expires  1902. 

Directors — Gustave  Kaufman,  term  expires  1902;  C.  B. 
Albree,  term  expires  1902. 

Sec  retar  v — Peginald  A.  Fessenden. 

Treasurer — A.  E.  Frost. 

On  motion  of  Mr.  Davison  it  was  voted  that  nominations 
be  closed  and  the  Society  proceed  to  ballot.  Upon  counting 
the  ballot  the  tellers  reported  that  the  candidates  had  each 
received  thirtv-eight  votes,  and  the  President  declared  them 
duly  elected. 

The  following  is  the  list  of  officers  and  members  of  com¬ 
mittees  for  the  vear  1900-1901. 

«/ 
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OFFICERS’ FOR  1900 


GENERAL  SOCIETY. 


PRESIDENT. 

W.  A.  Bole. 
VICE  PRESIDENTS. 


H.  W.  Fisher, 

C.  F.  Scott, 

Term  expires  1901. 

Term  expires  1902. 

DIRECTORS. 

P.  T.  Berg, 

Gustave  Kaufman, 

Term  expires  1901. 

Term  expires  1902. 

F.  C.  Phillips, 

Chester  B.  Albree, 

Term  expires  1901. 

Term  expires  1902. 

SECRETARY. 

Reginald  A.  Fessenden. 

TREASURER. 

A.  E.  Frost. 

CHEMICAL  SECTION. 

CHAIRMAN. 

James  O.  Handy. 

VICE  CHAIRMAN. 
Alexander  G.  McKenna. 

DIRECTORS. 

Dr.  K.  F.  Stahl,  Dr.  E.  S.  Johnson. 

SECRETARY. 

G.  0.  Loeffler. 


STANDING  COMMITTEES. 


RE  CEP  TION  COMMI T  TEE. 

Chas.  Hyde,  Chairman,  E.  E.  Keller, 

Victor  Beutner,  R.  Moldenke,  Charles  Fitzgerald, 

R.  T.  Stewart,  Ralph  Crooker,  Jr. 


HOUSE  COMMITTEE 
F.  Z.  Schellenp>erg,  Chairman, 

E.  S.  McClelland,  G.  E.  Flannagan, 

LIBRARY  COMMITTEE 
Richard  Hiksch,  Chairman, 

K.  F.  Stahl,  C.  B.  Connelley, 

PROGRAMME  COMMITTEE. 

Chester  B.  Albree,  Chairman,  Alex  M.  Gow, 

Wm.  B.  Phillips,  \V.  E.  Snyder,  Frans.  Engstrom. 


J.  M.  Camp, 

William  Metcalf. 

N.  C.  Wilson, 

Percy  H.  Thomas. 
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Mr.  Lewis — It  drives  me  great  pleasure  now  to  turn  the 
(’hair  over  to  so  worthy  a  successor  as  Mr.  Hole. 

Mr.  Hole — I  wish  to  thank  you  all  for  the  honor  con¬ 
ferred  upon  me  in  electing  me  to  follow  in  the  steps  of  such 
an  illustrious  line  of  past  presidents.  I  shall  endeaver  to 
render  to  rentier  to  you  as  good  service  as  I  am  able  to. 

Mr.  C.  F.  Scott — It  has  been  talked  over  from  time  to 
time,  and  motions  made,  and  persons  appointed  to  carry  into 
effect  motions  in  regard  to  our  past  presidents.  We  have  a 
good  fresh  one  now,  and  I  think  we  should  have  some  illustra- 
tions  of  our  bv-gones  to  decorate  the  walls  of  our  Society 
Hall.  I  think  it  would  be  a  good  start  to  get  a  portrait  of  our 
last  one.  It  would  be  a  beauty  and  a  joy  forever. 

It  was  voted  that  the  retiring  President  be  especially 
requested  to  carry  out  the  matter  which  he  had  so  urgently 
brought  forward  with  regard  to  other  Presidents,  and  he  be 
requested  to  set  an  example  and  furnish  a  picture  of  himself 
to  be  hung  in  the  Society  Hall,  and  that  his  predecessors  be 
requested  to  follow  his  lead. 

On  motion  the  annual  meeting  was  adjourned  at  9:30  P.  M. 

Reginald  A.  Fessenden, 

Secretary. 
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REGULAR  MEETING. 


The  two-hundred  and  first  regular  monthly  meeting  of  the 
Engineers*  Society  of  Western  Pennsylyania  was  held  in  the 
Lecture  Room  of  the  Society's  House,  410  Penn  Aye,,  Pitts¬ 
burg,  Pa.,  Tuesday  evening,  Jan.  16,  1900,  forty-eight 

members  and  visitors  being  present.  The  meeting  was  called 
to  order  at  9:30  by  the  President,  Mr.  W.  A.  Bole. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

For  the  Board  of  Directors,  the  following  applicants 
were  reported  as  passed  and  to  be  voted  for  at  the  next  regu¬ 
lar  meeting: 


EDWIN  YAWGER,  - 

FRANCIS  BROWN,  -  -  - 

ELLIOTT  M.  SERGEANT, 

/ 

WILLIAM  JOS.  WEBSTER,  - 

CHARLES  W.  WRIGHT, 

MILNOR.  P.  CLARK, 


Mechanical  Engineer, 

With  Westinghouse,  Church,  Kerr 
&  Co.,  Westinghouse  Bldg.,  City. 

With  Brown  &  Zortman  Machinery 
Co.,  No.  1  Wood  St..  Pittsburg.  Pa. 

Draughtsman, 

With  Westinghouse  Electric  and 
Manufacturing  Co.,  6336  Marchand 
St.,  Pittsburg,  Pa. 

Manager, 

Hercules  Powder  Cu.  and  Atlantic 
Dynamite  Co.  of  New  Jersey,  248 
Mathilda  St.,  Pittsburg,  Pa. 

Superintendent, 

Aliquippa  Steel  Works,  334  Sheri¬ 
dan  Ave.,  Pittsburg,  Pa. 

Draughtsman, 

For  Julian  Kennedy,  Mechanical 
Engineer,  803  E.  Park  Way,  Mc¬ 
Keesport,  Pa. 


Mr.  G.  S.  Davison — We  were  all  very  much  impressed  by 
our  President’s  remarks  as  to  the  financial  condition  of  the  world. 
AY  e  were  further  impressed  by  the  Treasurer's  report  of  our 
own  condition.  I  also  note  the  report  of  the  Chairman  of  the 
House  Committee  that  there  is  great  danger  of  our  being 
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compelled  to  seek  new  quarters,  when  our  present  term  expires. 
It  seems  to  be  an  opportune  time  to  bring  forward  the  question 
of  this  Society  owning  its  own  house,  and  I  would  like  to  test 
the  feeling  of  this  meeting  on  that  subject.  I,  for  my  part, 
have  always  wished  to  see  this  Society  in  its  own  building  and 

«/  cr 

I  believe  the  wish  is  a  general  one.  We  now  have  $500  hi  the 
treasury  and  the  question  is,  what  will  we  do  with  it'  If  we 
are  ever  going  to  create  a  building  fund,  now  is  the  time  to  do 
it.  When  the  times  were  hard,  we  were  too  poor  to  do  any¬ 
thing  in  the  way  of  getting  this  fund  together.  I  am  now 
informed  by  our  President  that  times  are  so  flourishing  that 

t/  c 

we  are  too  busy  making  money  to  think  of  donating  any.  It 
strikes  me  that  the  only  way  to  start  this  thing  toward  success 
is  to  begin  right  now  among  ourselves,  and  see  what  can  be 
done.  When  we  show  a  disposition  to  help  ourselves  we  can 
go  to  our  wealthy  friends  outside  the  Society  and  consistently 
ask  financial  assistance. 

In  order  to  sound  this  meeting,  I  would  state  that  it 
would  be  a  great  pleasure  to  me  to  be  the  first  subscriber  to 
the  House  Fund,  of  a  sum  not  less  than  $100.00  when  it  has 
been  determined  that  we  will  go  ahead,  reserving  the  right  to 
increase  the  amount  as  circumstances  may  determine. 

Mr.  W.  Gr.  Wilkins — Not  to  be  behind  my  ex-partner, 
I  will  follow  suit  and  subscribe  $100.00. 


Mr.  W.  B.  Phillips — 1  will  also  subscribe  $100.00. 

Mr.  W.  A.  Bole — As  a  matter  of  fact  the  owner  of  this 
property  has  made  a  proposition  to  the  Society  to  sell  this 
property.  It  is  something  like  this — That  she  will  sell  the 
property  for  a  sum  of  money  not  exceeding  $29,000,  and  if  I 
remember  rightly,  her  terms  were  $2,000  in  cash,  and  a  mort¬ 
gage  at  6  per  cent,  on  the  balance.  I  would  like  to  a.>k  Mr. 
Davison  to  define  what  would  be  a  safe  sum  to  start  in  on  such 
a  sum  as  this. 

Mr.  (t.  S.  Davison — I  would  like  to  see  this  Society  raise 

%/ 

within  its  own  membership  not  less  than  $10,000.  Of  course, 
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we  cannot  determine  right  here  the  best  thing  for 'the  Society 
to  do,  and  I  think  some  special  committee  will  have  to  take  this 
question  up  before  sixty  days  in  order  to  determine  that  for 
the  Society.  We  are  paying  rent  now  at  the  rate  of  $1,500  a  • 
year,  which  is  6  per  cent,  on  $25,000.  1  would  think  with 

$10,000  from  our  members,  it  would  he  a  very  tidy  sum  to 
start  out  with  to  raise  $10,000  more. 

Mr.  C.  B.  Albree — 1  would  like  to  ask  for  a  little  infor¬ 
mation  as  to  Mr.  Davison’s  idea,  it  seems  to  me  that  a  good 
deal  of  the  time  it  would  not  be  of  much  advantage  to  us, 
unless  we  used  it  as  a  club  house.  We  have  now  a  very  pleas¬ 
ant  place  to  meet;  and  you  will  find  the  interest  on  $28,000 
would  be  $1,680,  and  taxes,  etc.,  would  bring  that  up  to 
$2,280.  We  could  only  meet  once  a  month,  unless  we  wanted 
to  make  a  club  house  of  it;  that  would  be  a  different  thing. 

1  do  not  want  to  throw  cold  water  on  anybody’s  plans,  but  it 
seems  to  me  we  should  have  some  better  reason  for  putting  so 
much  money  into  the  thing. 

Mr.  Davison — Our  dues  in  this  Society  have,  in  my 
opinion,  been  too  low,  which  means  that  our  members  have 
not  paid  in  the  past  what  they  should  have  paid  to  entitle 
them  to  membership.  1  have  expressed  myself  on  this  point 
before.  Personally,  I  owe  the  Society  something,  and  I  am 
taking  the  view  that  anv  donation  I  make  is  an  endeavor  to 
square  accounts. 

Now  as  to  the  other  point — What  good  will  it  do  the  Society 
to  own  its  own  property  \  I  think  it  will  do  the  Society  a 
great  deal  of  good  to  have  the  public  know  that  the  Engineers’ 
Society  of  Western  Pennsylvania  is  able  to  own  its  own 
property.  It  will  make  the  Society  more  substantial,  make 
membership  more  inviting  from  a  sentimental  point  of  view, 
and  more  valuable  from  a  business  standpoint. 

Mr.  Jones — While  I  sympathize  with  Mr.  Davison  as  to 
what  it  may  mean  to  the  Societv  in  the  future,  I  can  hardly 
see  that  his  plan  is  a  practical  one.  Unless  you  have  a  large 
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number  of  members,  the  scheme  will  have  to  be  put  on  an¬ 
other  basis.  Probably  one-half  the  members  who  could  not 
afford  to  subscribe  would  want  to  do  just  as  well  as  their  fel¬ 
low  members  did.  I  think  that  a  subscription  by  one-half  or 
one-fourth  of  the  members  would  be  a  sore  point  with  them, 
simply  because  they  would  not  have  the  financial  ability  to  do 
the  same.  I  think  that  for  the  Society  to  own  its  own  building 
would  be  the  proper  thing.  That  is  the  case  of  the  American 
Society  of  Mechanical  Engineers.  I  believe  that  a  start  on 
this  point  of  the  Society  owning  its  quarters  would  be  for  the 
benefit  of  the  Society.  There  should  be  a  plan  of  doing  this 
by  which  members  could  subscribe  to  a  certain  amount  of  the 
bonds  of  the  company.  Each  member  will  then  always  have 
something  to  show  for  his  share  in  the  property  of  the  Society. 
1  only  throw  this  out  in  a  broad  way.  The  Treasurer's  report 
shows  a  very  prosperous  condition,  but  of  course  that  sum  is 
not  going  to  carry  us  along  and  pay  interest  on  money,  etc. 
If  you  keep  the  fees  as  they  are  or  increase  them,  I  think  you 
w  ill  find  ample  return  in  the  increase  of  membership.  I  do 
heartily  agree  with  Mr.  Davison  that  it  wrould  be  a  great  boon 
for  the  Society  to  be  in  its  own  building.  I  know  of  another 
instance  of  this  kind  in  which  a  few'  members  offered  to  sub¬ 
scribe  from  $1000  to  $8000.  It  did  not  work.  They  came 
down  finally  to  such  a  system  as  I  suggest,  by  which  each  man 
would  have  something  to  show'  for  his  share  in  it.  Y  ou  will 
find  that  voluntary  subscriptions  won't  work. 

Prof.  Fessenden — When  this  thing  was  brought  up,  I 
went  around  to  a  real  estate  agent  and  asked  him  to  find  out 
w  hat  this  property  was  probably  w'orth.  I  got  a  report  from 
him.  lie  said  it  w  as  estimated  at  about  $85,000,  so  we  would 
get  a  bargain  in  it  if  wo  considered  this  a  suitable  place.  I  took 
the  liberty  of  speaking  to  two  or  three  men  in  regard  to  this 
matter,  and  these  gentlemen  expressed  their  willingness  to  assist 
the  Society.  They  are  men  who  have  considerable  wealth 
and  I  think  we  could  get  help  from  some  outside  sources. 


* 
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M  r.  W.  G.  Wilkins — I  think  at  the  price  this  property 
is  offered  it  would  he  a  Rood  business  investment  for  the  Society 
to  own  this  building  and  I  believe  if  we  could  get  this  property 
for  $29,000  we  should  do  so. 

Mr.  R.  G.  Moldenke — 1  believe  that  the  idea  of  issuing 
bonds  is  a  good  one.  I  have  seen  a  great  many  things  run  in 
this  manner,  too.  I  believe  that  the  house  should  be  bought 
almost  at  once  and  bonds  issued  for  the  full  amount.  The  first 
thing  to  do  is  to  get  the  house.  I  am  heartily  in  favor  with 
Mr.  Jones1  remarks. 


Mr.  J.  P.  Leaf — Mr.  Jones’  proposition  strikes  me  very 
favorably.  I  was  interested  in  the  armory,  which  was  built 
on  a  similar  plan.  The  thought  came  to  me  as  I  was  sitting 
here  that  there  is  none  of  us  but  who  can  spare  the  coming 
year  at  least  one  week’s  wages.  Three  hundred  members 
would  amount  to  a  snug  sum.  Figuring  on  a  week’s  wages 
from  each  member  of  the  Society,  we  would  have  several 
thousand  dollars.  I  don't  care  who  it  is,  he  likes  to  have 
something  to  show  for  his  investment,  and  1  think  issuing 
bonds  on  the  par  value  of  the  property  is  a  good  thing.  I  find 
in  all  bodies  that  people  who  are  most  willing  to  give,  are  not 
always  the  most  able. 

Mr.  G.  S.  Davison — I  would  like  to  say  in  regard  to  the 


bond  scheme  that  we  must  have  some  cash  subscriptions  to  pro¬ 
tect  the  bonds  to  be  issued.  It  is  this  we  are  trying  to  get,  and 
the  more  enthusiastic  we  become  the  more  money  we  can  raise, 

J 

and  thus  reduce  the  necessity  of  the  bonds  to  a  minimum.  I 
hope  this  matter  will  be  put  into  the  hands  of  a  committee  to 
proceed  at  once. 

Prof.  Fessenden — I  would  ask  Mr.  Jones  what  these 
bonds  drew. 

Mr.  Jones — If  I  remember  correctly  about  3-1  or  3  per 
cent.  If  had  been  at  2^  per  cent,  interest  they  would  have 
been  taken  as  well.  In  regard  to  this  property,  I  think  that 
the  price  stated  is  dead  cheap  for  it.  Of  course  if  you  have 
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the  feeliiiir  that  you  could  raise  the  money  without  any  assist- 
ance  from  outsiders,  that  would  be  nice.  I  only  speak  from 
my  own  experience.  I  have  never  known  the  voluntary  sub¬ 
scription  plan  to  work  except  in  churches  or  something  of  that 
kind. 

Mr.  H.  W.  Fisher — I  don't  think  we  should  buy  this 
property  unless  it  would  be  suitable  for  an  Engineers'  Club 
House.  I  think  it  would  be  better  for  us  to  go  on  a  few  years 
and  get  a  property  we  would  want  for  an  Engineers'  Club 
House.  We  might  be  able  to  get  a  more  desirable  property  and 
a  better  located  property  than  this  is.  I  think  we  ought  to  be 
careful  to  see  our  way  clear  to  pay  for  the  property  before 
going  into  the  thing. 

Mr.  W.  G.  W  ilkins — My  idea  to  invest  in  this  property 
is  that  it  is  a  cheap  property  at  the  present  time.  If  after¬ 
wards,  we  should  be  able  to  find  a  better  location,  we  could 
sell  this  and  buy  another  place.  I  don't  know  where  we  could 
lind  a  better  one  at  the  present  time. 

Mr.  T.  H.  Johnston — The  subject  is  a  pretty  broad  one 

and  needs  a  good  deal  of  consideration  before  we  go  into  it. 
©  © 

I  think  we  should  appoint  a  committee  to  look  over  the  differ¬ 
ent  points  and  report  to  the  Society. 

M  r.  W.  A.  Bole — The  question  of  what  shall  we  do  with 
past  presidents,  is  a  serious  one  to  settle.  I  would  like  to  ask 
Mr.  Johnston  if  he  would  think  that  a  committee  comprising 
the  past  presidents  of  this  Society  would  be  a  suitable  com¬ 
mittee  to  endorse  the  most  important  financial  deal  of  our 
history. 

Mr.  T.  H.  Johnston — I  think  there  are  some  better  able 
to  deal  with  financial  questions  than  your  past  presidents. 

It  was  voted  that  a  committee  of  five,  consisting  of  mem- 
bers  of  the  past  presidency,  be  appointed  to  consider  the  matter 
of  collecting  subscriptions  to  a  fund  of  money  to  be  applied 
upon  a  permanent  residence  for  the  Society. 


20 


ENGINEERS  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


The  President  then  appointed  the  following  committee: — 
Geo.  S.  Davison,  Chairman;  T.  II.  Johnston,  Wm.  Metcalf, 
Emil  Swensson,  John  A.  Brashear. 

On  motion,  the  Society  adjourned  at  10.10  P.  M. 

Reginald  A.  Fessenden, 

Secretary. 


MEETING  OF  CHEMICAL  SECTION. 

The  Eighth  Annual  Meeting  of  the  Chemical  Section  was 

c?  o 

held  January  18th,  1900. 

Chairman,  E.  S.  Johnson. 

Attendance,  12. 

The  minutes  of  the  last  annual  meeting  were  read  and 
approved. 

Dr.  Phillips,  for  the  Committee  on  Literature,  read  a 
number  of  abstracts. 

Ballots  were  then  distributed  and  the  following  officers 
for  the  ensuing  year  unanimously  elected: 

Chairman — J.  O.  Ilandy. 

Vice  Chairman — A.  G.  McKenna. 

Secretary — G.  O.  Loeffler. 

Directors — Dr.  K.  F.  Stahl,  Dr.  E.  S.  Johnson. 

The  retiring  chairman  then  read  an  address  on  the  Svn- 
thesis  of  Indigo. 

(This  address  will  be  published  later.  ) 

After  discussion  of  the  paper  the  Section  adjourned  at 
10.30  P.  M. 

The  regular  monthly  meeting  was  called  to  order  by  the 
new  chairman  and  adjourned  without  transacting  any  business. 

A.  G.  McKenna,  See  y  C.  S. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  second  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in 
the  Lecture  Room  of  the  Society's  House,  L10  Penn  Avenue, 
Pittsburg,  Pa.,  Tuesday  evening,  Feb.  20th,  1000,  thirty-six 
members  and  visitors  being  present.  The  meeting  was  called 
toorder  at  8:30  o’clock  by  the  vice-president,  Mr.  II.  W.  Fisher. 

The  minutes  of  the  preceding  meeting  were  read  and 
approved. 

Prof.  Fessenden  stated  that  owing  to  a  mistake,  a  remit- 
tance  from  Mr.  Edwin  H.  Beazel  for  his  dues  was  not  received 
in  time  and  that  his  name  was  among  those  which  were  dropped 
from  the  list  at  the  last  meeting,  and  that  the  Board  of  Direction 
recommended  to  the  society  that  Mr.  Beazel  be  reinstated. 
Motion  carried. 


For  the  Board  of  Direction,  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 


meeting: 

E.  M.  HERR,  - 

LOUIS  W.  FOGG, 

FRANK  S.  JACKMAN, 

JAMES  DINSMORE  WHITE,  - 
RICHARD  LESSNETT  SMITH, 


Assistant  General  Manager, 
Westinghouse  Air  Brake  Co., 
Pittsburg,  Pa. 

Mining  Engineer, 

American  Coke  Co.,  Latrobe,  Pa. 
Superintendent, 

Pittsburg  Mfg.  Co.,  28th  and  Rail¬ 
road  Streets,  Pittsburg,  Pa. 

Civil  Engineer, 

730  Park  Building,  Pittsburg,  Pa. 
Civil  Engineer, 

1011  Park  Building,  Pittsburg. 
Castle  Shannon,  Pa. 
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The  following  gentlemen  were  balloted  for  and  duly  elected 
to  membership: 


FRANCIS  HERBERT  BROWN, 

MILNORP.  CLARK, 

ELLIOT  M.  SERGEANT,  - 

WILLIAM  JOSEPH  WEBSTER, 

CHARLES  W.  WRIGHT,  - 

EDWIN  YAWGER,  - 


Manufacturer, 

.  Brown  &  Zortman  Machinery  Co., 
No.  1  Wood  St.,  Pittsburg,  Pa. 
Draughtsman, 

For  Julian  Kennedy,  Pittsburg,  Pa. 
803  E.  Park  Way,  McKeesport,  Pa. 
Draughtsman, 

For  Westinghouse  Electric  &  Mfg. 
Co.,  East  Pittsburg,  Pa.  6336  Mar- 
chand  St.,  Pittsburg,  Pa. 

Manager, 

Of  Hercules  Powder  Co. ,  and  Atlan¬ 
tic  Dynamite  Co.  of  New  Jersey, 
248  Matilda  St. ,  Pittsburg,  Pa. 
Superintendent, 

Aliquippa  Steel  Works.  334  Sheri¬ 
dan  Avenue,  Pittsburg,  Pa. 
Mechanical  Engineer, 

With  Westinghouse,  Church,  Kerr 
&  Co.,  Pittsburg  Office,  Westing¬ 
house  Building,  Pittsburg,  Pa. 


The  Library  Committee  reported  that  they  had  not  done 
any  work  yet,  but  they  were  arranging  to  get  at  it  soon. 

Mr.  Bradford  reported  for  the  Reception  Committee  as 
follows: 


Received  from  sale  of  tickets  for  Banquet,  Feb.  8,  1900... $648. 00 


Expenses:  Supper  for  161  at  $3.00 . $483.00 

Cigars .  22.20 

Music .  30.00 

Printing .  38.85 

Flowers . . .  50.00 

Balance  due  Committee  on  account 
of  Smoker .  8.30 


$632.35 

Balance  due  Society . $  15.65 

It  was  voted  that  the  report  of  the  Reception  Committee 
be  accepted,  and  that  the  Reception  Committee,  and  especially 
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the  chairman  of  it,  should  be  tendered  the  thanks  of  the  society 
for  the  excellent  work  they  had  done. 

Mr.  H.  W.  Fisher — We  will  call  on  Mr.  Davison,  whom 
we  appointed  at  the  last  meeting  in  reference  to  the  House 
Committee,  to  report  their  progress. 

Mr.  Gf.  S.  Davison — The  committee  would  sav  that  we 
have  received  very  few  replies,  but  we  have  heard  a  number  of 
expressions  of  opinion,  however,  and  have  about  come  to  the 
conclusion  that  we  will  have  to  formulate  a  better  plan  of  action. 
We  will  proceed  to  do  so  at  once  and  probably  by  the  next 
meeting  we  will  have  such  plan  formulated. 

It  was  reported  at  the  last  meeting  that  our  live  years’ 
lease  on  this  property  expires  on  the  first  of  April.  I  find  this 
to  be  an  error.  Our  lease  does  not  expire  until  one  y£ar  from 
the  first  of  April.  It  will  give  us  more  time  to  formulate  a 
good  plan  and  see  about  the  financial  end  of  it. 

Mr.  C.  F.  Scott — One  point  has  occurred  to  me  which, 
doubtless,  has  occurred  to  other  members  of  the  society.  A 
great  many  of  the  members  do  not  feel  able  to  join  in  a  con¬ 
tribution  of  $100.  Many  of  the  members  would  make  such 
contributions,  but  there  are  a  great  many  who  do  not  feel  able 
to  do  so.  It  seems  to  me  that  if  a  general  appeal  were  made 
to  the  society,  the  members  as  a  whole  would  not  give  more 
than  the  whole  membership  fees  would  amount  to.  If  the 
membership  should  be  called  on  to  contribute,  say  $10.00  each, 
it  would  amount  to  $3,000  or  $4,000.  I  have  known  of  such 
things  to  be  done  in  times  past  where  a  society  went  to  work 
to  put  up  its  own  building.  And  1  also  think  it  would  be  found 
successful  to  organize  a  stock  company  and  make  the  shares 
$10,  or  perhaps  $50,  and  the  members  take  stock  in  it.  A 
building  in  this  part  of  the  city  ought  to  be  a  good  investment 
even  if  we  should  put  it  up  as  a  regular  financial  investment, 
with  no  contributions  asked  from  any  person.  It  might  be 
well  if  the  members  of  the  society  should  have  first  chance  to 
subscribe  to  the  stock,  and  then  if  outsiders  want  to  come  in 
there  is  no  objection. 
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Mr.  Cj.  S.  I  )avison — The  suggestion  about  the  contribu¬ 
tions  is  all  right  but  it  should  be  borne  in  mind  bv  the  mem- 
bers  that  it  is  important  that  the  sum  of  money  left  for  the 
mortgage  should  not  be  so  great  that  the  interest  on  it  will 
amount  to  more  with  the  taxes  added  than  our  present  expense. 
It  is  the  idea  of  the  committee  that  a  sufficient  amount  of  cash 
should  be  subscribed  so  that  the  amount  remaining  would  not 
be  so  great  but  that  the  interest  upon  the  same  would  not  ex¬ 
ceed  the  ordinary  rent  for  our  rooms,  otherwise  we  would  not 
be  bettering  our  condition.  I  believe  we  have  a  much  lower 
offer  for  this  property  than  we  will  ever  have  again  and  I  think 
we  had  better  embrace  the  opportunity  and  get  it  now. 

Prof.  Fessenden — It  is  not  a  certainty  that  we  can  rent 
this  building  for  $1,500  when  the  lease  has  run  out;  in  fact 
they  have  asked  for  a  larger  rental  already.  I  think  they  have 
asked  for  about  $300  per  year  increase.  I  would  ask  Mr. 
Davison  at  about  what  interest  he  thinks  those  bonds  can  be 
placed.  Does  he  think  they  could  be  placed  at  3  or  4%  ?  If 
so,  it  would  be  a  good  investment. 

Mr.  Davison — The  rate  of  interest  depends  greatly  on  the 
character  of  the  security.  AVe  are  not  at  present  considering 
anything  better  than  5%. 

Mr.  Whited — I  would  like  to  ask  if  it  is  the  idea  to  use 
all  of  the  building  for  society  purposes  or  to  rent  out  part  of  it. 
That  was  my  idea  in  organizing  the  stock  company.  I  think 
we  should  try  to  make  it  a  reasonably  profitable  investment, 
say  5  per  cent. 

Mr.  T.  H.  Johnson — That  question  is  one  that  we  are 
hardly  ready  to  answer  vet.  The  committee  has  had  under 
consideration  in  a  general  way  three  or  four  different  schemes 
and  outlines.  One  of  these  propositions  is  to  purchase  this 
property  and  continue  to  use  it  in  its  present  form.  There  is 
also  a  proposition  to  go  into  it  on  a  larger  scale  and  raise  by  a 
stock  company  money  enough  to  put  up  a  larger  building  with 
surplus  room,  the  rental  of  which  would  give  us  revenue  to  re- 
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cluce  our  expenses.  Those  schemes  are  as  yet  too  far  in  the 
air  for  the  committee  to  venture  to  report  on  them.  They  are 
all  under  consideration. 

Prof.  Fessenden  read  the  following  communication  from 
Mr.  John  A.  Brashear: 


Allegheny,  Pa.,  Feb.  10, 


1000. 


To 


the  President  and  Members  of  the  Engineers? 
T Yestern  Pen  n  sylvan  ia : 


Society  of 


It  is  proposed  to  ask  Congress  during  the  present  session 
for  an  appropriation  to  establssh  a  National  Bureau  for  Stand¬ 
ards  and  Standardization  in  the  broadest  sense,  the  functions  of 
which  shall  be  to  preserve  and  distribute  the  general  funda¬ 
mental  standards  of  length  and  mass;  to  also  test  all  measuring 
instruments,  mechanical,  electrical,  photometric,  etc. ;  to  test 
the  strength  of  materials,  to  make  experiments  upon  various 
alloys,  etc.;  in  short,  to  undertake  and  carry  out  all  these  lines 
of  testing  and  experimental  investigations  which  are  necessary 
for  the  development  of  the  engineering  and  business  interests 
of  the  country  as  a  whole,  and  to  establish  uniform  standards 
of  test  and  testing  that  will  be  accepted  without  question  by  all 
parties. 

It  is  hardly  necessary  to  advance  in  detail  the  arguments 
in  favor  of  such  a  bureau,  for  they  will  no  doubt  be  self-evident 
to  you  and  to  every  good  engineer.  All  of  the  important  for¬ 
eign  governments  have  established  such  bureaus  and  have  lib- 
erally  appropriated  for  their  maintenance.  They  have  fully 
demonstrated  their  usefulness  therefore,  practically  as  well  as 
theoretically. 

It  is  a  national  reproach  that  our  own  government  has  as  yet 
done  nothing  in  the  way  of  adequately  providing  for  such  work. 

The  Bureau  of  Weights  and  Measures  which  has  been  for 
a  number  of  years  maintained  in  connection  with  the  U.  S. 
Coast  and  Geodetic  Survey,  has  done  good  work  in  the  com- 
parison  of  bars,  tapes,  etc.,  but  its  very  limited  facilities  have 
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proven  utterly  inadequate  to  satisfy  the  ever  increasing  demand 
for  comparisons  of  this  kind  alone,  although  it  has  attempted 
to  do  all  that  it  was  possible  to  do.  It  is  to  be  hoped  that 
Congress  will  recognize  the  practical  and  immediate  needs  of 
expansion  in  this  work,  and  take  steps  at  once  to  provide  for 
it  ;  and  I  hope  you  will  be  disposed  to  help  the  movement  with 
your  great  personal  influence.  Those  who  contribute  to  its 
success  will  deserve  and  will  in  time  receive  the  nation’s 
gratitude. 

(Signed)  John  A.  Brashear. 

Mr.  T.  II.  Johnson — I  do  not  think  any  member  of  the 
engineering  profession  would  for  a  moment  question  the  bene¬ 
fits  that  would  be  derived  from  carrying  sut  such  a  scheme  as 
is  outlined  in  that  letter,  and  as  engineers  I  think  we  should  do 
all  we  can  to  bring  about  such  a  result.  Personally  I  do  not 
look  forward  to  any  adequate  results,  at  least  for  some  years  to 
come,  for  the  reason  that  in  order  to  make  that  bureau  effec¬ 
tive  it  must  have  the  support  of  our  congressmen.  Unfortu¬ 
nately,  our  members  of  congress  are  not  so  wide  awake  to  the 
needs  of  this  as  is  this  society,  and  the  result  will  be  that  if  the 
bureau  could  be  established  we  might  not  be  able  to  get  an  ap¬ 
propriation  for  current  expenses.  While  I  am  heartily  in  favor 
of  this  I  do  not  look  for  any  practical  results  from  it. 

The  society  adopted  the  following  resolution  in  regard  to 
the  communication  received  from  Mr.  Brashear: 

Whereas ,  it  is  proposed  to  ask  the  present  Congress  for 
legislation  to  establish  a  National  Bureau  of  Standards  and 
Standardization,  and 

Whereas,  such  Bureau  would  be  of  the  greatest  value  to 

J 

the  Scientific,  Engineering.and  business  interests  of  this  country, 
and  particularly  of  this  great  engineering  and  industrial  center, 

Be  It  Resolved ,  that  the  Engineers'  Society  of  A  estern 
Pennsylvania  approve  most  heartily  the  establishment  of  such 
a  Bureau,  and  we  do  hereby  request  the  members  of  Congress 
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representing  Western  Pennsylvania  to  do  all  in  their  power  to¬ 
ward  the  founding:  of  such  a  Bureau. 

O 

Be  It  Further  Resolved ,  that  a  copy  of  these  resolutions 
he  forwarded  to  our  representatives  in  Congress. 


Mr.  C.  B.  Albree— I  want  to  say  that  the  American 

%j 

Society  of  Mechanical  Engineers  has  issued  a  circular  asking 
members  all  over  the  country,  and  local  engineering  societies 
to  use  their  influence  as  far  as  possible  in  behalf  of  the  United 
States  Patent  Office.  As  it  is  now,  the  Patent  Office  is  a  sub¬ 
department  of  the  Interior  Department.  If  you  have  ever  been 
in  W  ashington  you  will  have  found  that  the  Patent  Office 
building  is  really  devoted  to  the  Interior  Department  and  they 
have  a  great  many  other  departments  located  in  the  build¬ 
ing.  The  result  is  that  the  quarters  for  the  practical  work  of 
the  government  are  very  much  crowded,  so  much  so  that  the 
halls  are  filled  with  cheap  wooden  cases  containing  drawings, 
and  in  case  of  fire  nothing  would  prevent  the  loss  of  the  origi¬ 
nal  patents,  and  you  know  how  valuable  they  are.  The  object 
is  to  get  the  government  to  procure  the  other  departments  a 
building  somewhere  else  suitable  for  their  needs  and  give  the 

o  o 

whole  Patent  Office  building  up  for  Patent  Office  purposes; 
and  also  have  the  government  allow  the  income  derived  from 
the  Patent  Office  to  go  to  the  benefit  of  the  Patent  Offiee.  As 
it  is  now,  anything  over  the  actual  expense  goes  into  the  general 
fund  of  the  interior  department.  As  a  result,  according  to  the 
circular,  last  year  the  funds  available  for  the  purchase  of  mod¬ 
ern  equipment,  only  amounted  to  $t>,000.  The  American  Soc¬ 
iety  of  Mechanical  Engineers  wants  the  local  societies  to  confer 
with  their  congressmen  and  senators  and  urge  them  to  have 
this  thing  attended  to,  and  I  move  that  this  society  communi¬ 
cate  in  the  proper  manner  with  our  senators  in  regard  to  the 
mutter.  The  circular  I  received  asked  that  each  member 
would  interest  himself  enough  to  communicate  with  t he  con- 

C 

gressmen  personally  or  to  write  them. 
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Prof.  Fessenden — As  I  understand  it,  the  object  is,  first, 
that  the  Patent  Office  shall  have  the  building  to  themselves,  and 
second,  they  shall  have  their  own  income. 

I  would  like  to  add  some  information;  the  total  profits  of 

the  Patent  Office  amount  to  a  trifle  over  five  million  dollars, 

% 

and  a  great  part  of  that  has  been  spent  in  building  a  new 
Con  g  ressio  n  a  1  Li  brary . 

M  r.  Fisher — Would  you  have  the  committee  appointed 
by  the  President?  If  so,  it  would  be  well  to  make  a  motion 
to  thai  effect. 

Mr.  Albree — I  think  we  should  have  a  committee  to 
formulate  the  thing.  A  committee  of  three  would  be  sufficient 
to  carry  weight  with  it. 

v  O 

It  was  moved  that  a  committee  of  three  be  appointed  by 
the  president  of  the  society  to  formulate  resolutions  with  refer¬ 
ence  to  the  Patent  Office,  at  Washington,  to  the  effect  that  the 
Patent  Department  be  given  the  entire  use  of  the  present  build¬ 
ing  and  that  the  proceeds  of  the  Patent  Office  be  devoted  ex¬ 
clusively  to  the  Patent  Office. 

Mr.  Albree — As  I  understand  it,  the  patent  office  build¬ 
ing  is  amply  large  enough  for  all  the  needs  of  the  patent  office, 
provided  they  could  get  the  use  of  the  building,  but  as  it  is 
now  they  have  not  got  the  use  of  anything  like  what  they 
should  have.  This  room  and  the  surplus  income  should  be 
devoted  to  the  patent  office  purposes. 

Mr.  Fisher — The  committee  will  have  to  decide  some  of 
those  things.  They  can  be  brought  up  at  some  subsequent 
meeting.  The  object  now  is  to  have  the  committee  appointed 
to  look  into  the  matter. 

Mr.  Albree — The  matter  comes  up  in  the  course  of  three 
weeks. 

A  Member — I  think  that  if  Mr.  Albree  would  present 
that  circular  it  would  cover  the  ground  as  well  as  the  soctetv 
could  wish.  It  would  be  a  good  thing  for  the  committee  to  do 

O  O 

what  they  are  going  to  do  as  soon  as  possible. 
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Mr.  Scott — I  move  that  this  matter  he  placed  in  the' 
hands  of  a  committee,  consisting  of  three  members,  to  draw 
up  resolutions,  this  committee  having  the  power  to  add  to  its 
own  number.  They  could  then  select  such  members  of  the 

V 

societv  whose  names  might  have  weight  with  the  members  of 
Congress,  and  add  as  many  as  they  deem  desirable.  In  regard 
to  the  building,  I  was  there  some  vears  ago,  at  the  time 
Buffalo  Bdl  had  a  tribe  of  Indians  there,  and  they  were  in  the 
building  complaining  to  the  Seeretarv  of  the  Interior  about 
their  lands. 

The  motion  as  amended  was  that  a  committee  of  three  be 
appointed  and  they  have  the  power  to  select  other  influential 
members. 

A  Member — If  the  committee  is  to  do  this  within  the 
next  three  weeks  it  will  have  to  come  up  before  the  next  meet¬ 
ing  of  the  Societv.  There  have  been  some  mistakes  made  in 
the  past  by  trying  to  hurry  up  matters  of  this  kind. 

Mr.  Albree — I  think  in  this  case  there  is  not  the  danger 
that  there  is  in  matters  which  are  simply  technical.  This  is  a 
matter  in  which  we  are  all  interested.  Being  associated  more 
or  less  with  manufacturers,  it  is  greatly  to  the  interest  of  the 
society  that  the  patent  office  should  be  just  as  good  as  it  can 
be.  I  think  it  lies  within  the  discretion  of  the  president  to 
appoint  a  committee  that  it  will  be  safe  to  trust  in  the  matter. 

Mr.  Johnson — The  object  and  scope  of  the  committee’s 
action  is  pretty  well  defined.  I  don’t  think  they  can  go  far 
astray  in  that  way.  I  would  suggest  that  it  would  possibly  be 
worth  while  to  give  the  representative  manufacturers  a  chance 
to  sign  the  paper  in  their  private  capacity. 

A  Member — I  think  that  most  of  the  leading  manufac- 
turers  whose  names  would  be  desirable  to  attach  to  that,  are 
members  of  this  Societv,  but  under  the  motion  of  Mr.  Scott  it 
would  be  under  the  discretion  of  the  members  of  the  com¬ 
mittee  to  call  on  them. 
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Mr.  Fisher — The  motion  before  the  house  is  that  a  com¬ 
mittee  of  three  be  appointed  who  shall  have  the  power  to 
select  influential  members  of  the  Society,  to  bring  up  the 
matter  of  having  the  facilities  of  the  patent  office  enlarged,  so 
there  will  be  more  room  to  conduct  the  business  along  the  lines 
designated  in  the  report  of  the  American  Society  of  Mechan¬ 
ical  Engineers. 

Motion  carried. 

The  Vice  President  then  appointed  the  following  com¬ 
mittee:  Messrs.  C.  B.  Albree,  Julian  Kennedy  and  Mr.  C.  A. 
Scott. 

Next  in  order  was  the  reading  of  the  paper  of  the  even¬ 
ing  by  Mr.  Wiliis  Whited,  entitled  “Reactions  in  Swing- 
Bridge  Trusses.” 
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REACTIONS  IN  SWING-BRIDGE  TRUSSES. 


BY  WILLIS  WHITED. 

In  the  present  paper  attention  will  he  called  to  the  pier  and 
^abutment  reactions  in  trussed  draw-bridges  of  both  the  center¬ 
bearing  and  rim-bearing  types,  i.  e .,  having  either  three  or  four 
points  of  support,  with  equal  arms  and  acting  as  continuous 
girders. 

The  stresses  in  the  various  members  will  be  touched  upon 
only  incidental lv. 

The  stresses  in  continuous  girders  are  usually  calculated 

CJ  ** 

on  the  assumption  that  they  are  beams  with  uniform  moment 
of  inertia,  and  no  account  is  taken  of  the  deflections  due  to  the 
web  strains. 

The  author  has  designed  a  number  of  bridge  trusses  of 
various  types  and  sizes  and  calculated  the  reactions  in  them 
in  the  usual  manner,  i.  e.,  by  the  theorem  of  three  moments 
and  also  by  the  more  accurate  but  far  more  laborious  method 
of  the  principle  of  virtual  velocities,  and  compared  the  results. 
The  number  of  examples  is  not  nearly  so  great  as  could  be  de¬ 
sired,  but  the  results  obtained  are  of  much  wider  application 
than  would  appear  at  first  sight. 

The  trusses  were  designed  according  to  Cooper's  speci¬ 
fications;  although  these  give  heavier  posts  than  most  others, 
little  difficulty  will  be  encountered  on  that  score. 

Truss  No.  1  is  a  center-bearing  pony  truss,  150  feet  long, 
divided  into  10  panels  12  feet  high.  The  dead  load  is  assumed 
at  550  lbs.  per  foot,  and  the  live  load  at  1,500  lbs.  per  foot 
per  truss,  with  locomotive  excesses  as  shown. 

Truss  No.  2  is  of  the  same  type  and  length  as  No.  1,  ex¬ 
cept  that  it  is  divided  into  12  panels  10  feet  high,  the  loads 
being  the  same. 
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These  two  trusses  were  chosen  in  order  to  note  the  effects 
of  different  paneling.  As  it  is  only  the  reactions  per  unit  of 
load  we  are  studying,  the  assumed  loading  makes  very  little 
difference  because  the  sections  of  all  the  members  would  be  in¬ 
creased  or  diminished  in  nearly  the  same  ratio  as  the  loading. 
The  reactions  obtained,  therefore,  will  be  nearly  the  same  per 
unit  of  load  for  a  double-track  bridge  or  for  a  highway  or  foot 
bridge  as  for  the  one  designed.  The  same  is  true  whatever  the 
length  of  span,  provided  the  form  of  the  truss,  the  number  of 
panels  and  the  ratio  of  panel  length  to  panel  height  are  the 
same.  Also,  if  the  number  of  panels  is  increased  the  mean 
stress  in  the  web  members  will  be  changed  little,  if  at  all,  but 
their  aggregate  length  will  be  increased,  the  deflections  due  to 
the  strains  in  the  web  members  will  be  increased,  and  the  influ¬ 
ence  of  that  change  on  the  reactions  can  be  easily  investigated 
as  shown  hereafter,  and  vice  versa.  Lastly,  different  specifica¬ 
tions,  if  they  increase  or  diminish  all  the  unit  stresses  in  the 
same  ratio  will  make  no  difference,  but  a  different  impact 
formula  or  a  different  column  formula  might,  in  some  cases, 
make  so  much  difference  as  to  require  further  investigation. 
These  general  remarks,  of  course,  apply  to  all  types  of  trusses. 

Truss  No.  3  is  of  the  same  type  as  No.’s  1  and  2,  but  it  is 
250  feet  long  and  is  divided  into  10  panels  26  feet  high,  with 
loading  as  shown. 

Truss  No.  4  is  of  the  same  length,  loading  and  panel 
length  as  No.  3,  but  it  is  30  feet  high. 

The  two  last  were  chosen  for  the  purpose  of  studying  the 
influence  of  length  of  span  and  height  of  truss. 


No.’s  5,  T  and  8  are  different  forms  of  center-bearing 
trusses  of  the  same  length  and  loading  as  No.’s  3  and  4.  No.  5 
is  occasionally  met  with,  but  No.'s  7  and  8  are  seldom  used. 
The  last  two  were  investigated  more  for  the  purpose  of  study¬ 
ing  extreme  cases  than  for  any  practical  value  thev  might  have. 

Truss  No.  6  is  the  type  use  l  almost  universally,  with  slight 
modifications,  for  rim-bearing  turntables  and  merits  more  care- 
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fill  study  than  perhaps  any  of  the  others.  The  stresses  used 
in  designing  were  calculated  in  the  usual  way,  t.  c. ,  ignoring 
the  central  panel  and  considering  the  truss  as  a  continuous 
girder  of  two  equal  spans,  a  f  and  f  h  resting  on  three  supports. 
It  is  supposed  that  the  reason  for  calculating  them  in  this  manner 
is  because  no  other  logical  method  is  generally  known.  1  he 
central  panel  can  hardly  be  considered  a  third  span  on  account 
of  the  lightness  of  the  diagonals,  which  are  made  as  small  as 
is  considered  safe,  or  just  about  sufficient  to  prevent  the  bridge 
from  collapsing  when  open,  owing  to  unequal  loading  of  the 
two  arms  or  to  a  wind  blowing  lengthwise  of  the  bridge.  In 
fact  they  are  sometimes  omitted  and  the  stiffness  of  the  chords 
is  relied  upon  to  prevent  collapse.  Sometimes  other  devices 
are  employed  with  the  same  end  in  view.  There  are  serious 
objections  to  putting  heavy  diagonals  in  the  central  panel  which 
we  will  not  take  time  to  discuss  now. 

A  logical  method,  however,  for  determining  the  reactions, 
based  on  the  theorem  of  three  moments,  omitting  the  central 
diagonals,  will  be  found  in  Engineering  AWs  October  24,  ’95. 
The  results  obtained  with  this  truss  would,  of  course,  have 
been  somewhat  different  if  the  central  panel  had  been  longer 
or  shorter. 


No.  1.  Swing  Bridge.  Center-bearing,  10  panels,  15'  longmldO'  12'  high. 

Dead  load  =  550  lbs.  per  ft.  per  truss=8,250  lbs.  per  panel 
per  truss.  Live  load=l,500  lbs.  per  ft.  per  truss=22,500 
lbs.  per  panel  per  truss,  and  two  locomotive  excesses  of  10,000 
lbs.  each,  three  panels  apart. 
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REACTIONS  FOR  1  LB.  PANEL  LOAD  BY  THEOREM  OF 

THREE  MOMENTS. 


»1 

.752 

.516 

.304 

,128 

K. 

.296 

.568 

.792 

.944 

r3 

—  .048 

— , 

.084 

—.096 

- , 

.072 

in 

the  above 

table  P 

=  1  lb. 

load 

at  1j 

®i 

=  Reaction 

at 

«  p8 

—  £  £ 

£  £ 

u  c 

—  i  i 

<  i 

/  Pa 

-  £  £ 

£  £ 

“  cl 

r3 

=  •  £  £ 

i  ( 

h  P4 

—  £  £ 

£  £ 

“  e 

In  the  following  table,  7=length  of  member  in  feet. 
A = area  of  member  in  sq.  in. 

S0= stress  in  member  when  truss  is  held  at  f  and  k  only 
and  1  lb.  load  is  at  a.  Sesame  with  1  lb.  load  at  b.  S.  — 
same  with  1  lb.  load  at  c.  S  =same  with  1  lb.  load  at  d. 

o 

S  =same  with  1  lb.  load  at  e. 

4 


1 

A 

l 

A 

s, 

s2 

S3 

s4 

1  So 

A  " 

j 3D 

30. 

15.25 

1.967 

2.5 

1.25 

4.918 

BE 

15. 

15.25 

.984 

3.75 

2.5 

1.25 

3.690 

EF 

15. 

21.0 

■  714 

6.25 

5.0 

3.75 

2.5 

1.25 

4.463 

ac 

30. 

11.24 

2.669 

1.25 

3.336 

cd 

15. 

15.18 

.988 

3.75 

2.5 

1.25 

3.705 

df  ' 

30. 

18.18 

1.650 

5.0 

3.75 

2.5 

1.25 

8.250 

oB 

19.21 

15.25 

1.26 

1.601 

2.017 

Be 

19.21 

12.0 

1.6 

1.601 

1.601 

2.561 

cD 

19.21 

9.2 

2.088 

1.601 

1.601 

1.601 

3.343 

Dd 

12. 

9.2 

1.304 

1. 

1. 

1. 

1.304 

dE 

19.21 

10  62 

1.809 

1.601 

1.601 

1.601 

1.601 

2.895 

Ef 

19.21 

24.16 

.795 

1.601 

1.601 

1.601 

1.601 

1.601 

1.273 

Chords.  Webs.  Total. 

IS2 

116.568  +  17.424=133.992 

<  A 


77.888+17.424=  95.312 


REACTIONS  IN  SWING-BRIDGE  TRUSSES. 


35 


1  s  s 

f-?  =  46. 605  -i- 13.327=  59.932 
•  A 

1  s  s 

f-5  =  21.470+  6.671=  28.141 

^  1  S  A 

f-*  =  5.579+  2.038=  7.617 

Each  of  the  above  algebraic  expressions  when  multiplied  by 
12  and  divided  by  E=  about  29,000,000  gives  the  deflection  of 
the  truss  at  a  produced  by  a  load  of  1  lb.  at  a  b  c  d  e  respec¬ 
tively  if  it  is  unsupported  at  a  and  lixed  at  f  so  that  the  mem¬ 
ber  F f  is  held  in  a  vertical  position. 


F  Ft 


When  the  truss  is  supported  at  a.  f.  h.  and  loaded  at  b.  c. 
d.  or  e.  it  is  acted  upon  by  the  load  P  acting  downward,  the 
reactions  Rr  R2.  acting  upward  and  the  reaction — R,  acting 
downward  and  we  have 


P=R2+R1+R,  (1) 

and  as  the  sum  of  the  moments  must  =  o  and  considering  that  P 
acts  at  panel  point  m 

P  Xfin=/a  X  R,— //< X  R,  (2) 

Draw  aY  hx  perpendicular  to  F f.  The  load  P  deflects  a  from  ax 
to  ar  Reaction  R!  deflects  it  from  to  a.  Reaction  R  de¬ 
flects  h  from  hi  to  h  or 

Deflection  due  to  R  =  deflection  due  to  P+deflection  due  to  R, 

1 


Deflection  due  to  R  = 
Deflection  due  to  R  = 

w 

Deflection  due  to  P  = 


12  R  IS2 
E  ^  A 

12  r,  is; 
E 

12  P  lS0Sm 
E  ^  AT 
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,  Tj  1S02  1S02  IS  Sm 

whence  R,  ;£  -£■  =  R3  ^  +  P  ^  (3) 

From  equations  (1)  (2)  (3)  R,  R,  R;)  can  be  determined. 
Applying  them  to  truss  No.  1  we  have 


A 

.756 

.  521 

.305 

.128 

A 

.288 

.  552 

.790 

.911 

A  - 

—.011 

— .076 

.095  ■ 

—.072 

Cooper’s  specifications  call  for  heavier  compression  mem¬ 
bers  than  some  others,  so,  in  order  to  see  roughly  the  effect  of 
lighter  compression  members,  the  author  increased  the  principal 
tension  members  EF.  ac.  d E  each  20^,  which  is  the  same  as 
reducing  all  of  the  other  members  16|%,  with  the  following 
results : 

Chords.  Webs. 


II 

CQ 

ccn<3 

122.981  +  18.351  = 

141.332 

ISA 

A  ~ 

82.351  +  18.351  = 

100.702 

1S0S2 

A  — 

19.952-11.2  51= 

61.206 

1  S0S3 

A  _ 

23.701+  7.598= 

31.299 

ISA 

A  “ 

6.695+  2.03S= 

8.733 

A 

A 

.756 

A 

.527 

A 

.311 

A 

.131 

A 

.288 

.516 

.  778 

.938 

A 

—.011 

.073 

—.089 

—.069 

TRUSS  No.  2. 


Center-bearing  Swing  Bridge,  12  panels  127  6"  eachrf=150',  1CK  deep. 
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Dead  load  =  560  pounds  per  foot  per  truss  =  7,000  pounds 
per  panel  per  truss. 

Live  load  =  1,520  pounds  per  foot  per  truss  =  19,000 
pounds  per  panel  per  truss  with  two  excesses  of  10,000  pounds 
3  panels  apart. 

REACTIONS  FOR  ONE  POUND  PANEL  LOAD  BY  THEOREM  OF  THREE  MOMENTS. 


K, 

R, 

.7928 

R, 

.5926 

P3 

.40625 

.24075 

.103 

.2477 

.4815 

.6875 

. 85185 

.9607 

R, 

—.0405 

—.0741 

— .  09375 

(M 

o 

• 

1 

—.0637 

The  notation  is  similar  to  that  employed  under  truss  No.  1. 


1 

A 

l 

X 

s. 

s2 

s 

3 

8. 

s. 

5 

1  so 

A 

BD 

25. 

15.72 

1.59 

2.5 

1.25 

3.975 

DE 

12.5 

15.72 

.795 

3.75 

2.5 

1.25 

2.981 

EF 

12.5 

IS.  72 

.668 

5.0 

■3.75 

2.5 

1.25 

3.340 

FG 

12.5 

30. 

.417 

7.5 

6.25 

5.0 

3. 75 

2.5 

1.25 

3.125 

ac 

25. 

11.76 

1.063 

1.25 

1.329 

cd 

12.5 

17.76 

.704 

3.75 

2.5 

1.25 

2.640 

de 

12.5 

17.76 

.704 

5.0 

3.75 

2.5 

1.25 

3.520 

eg 

25. 

22.58 

1.107 

6.25 

5.0 

3.75 

2.5 

1.25 

6.919 

aB 

16. 

15.72 

1.018 

1.6 

1.629 

Be 

16. 

12.0 

1.333 

1.6 

1.6 

2  133 

eD 

16. 

15. 

1.067 

1.6 

1.6 

1.6 

1.707 

Dd 

10. 

9. 

1.111 

1. 

1. 

1. 

1.111 

dE 

16. 

12. 

1.333 

1.6 

1.6 

1.6 

1.6 

2.133 

Ek 

10. 

9. 

1.111 

1. 

1. 

1. 

1. 

1.111 

eF 

16. 

11.88 

1.347 

1.6 

1.6 

1.6 

1.6 

1.6 

2.155 

Fg 

16. 

23.2 

.69 

1.6 

1.6 

• 

1.6 

1.6 

1.6 

1.6 

1.104 

$ 


0 

A 

ISA 

A 


*18,8, 


Chords.  Webs. 

133. 659  +  ]  9. 384=  153. 043 


98.873  +  16.778=115.651 


65.747  +  13.365=  79.112 
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^  A 

^  1  s„s4 


A 


37.592+  9.523=  47.115 
16.462+  4.999=  21.461 


^ 1  s„sr 

j- =  3.906+  1.766=  5.672 


P  P 

4  5 

A  /-\ 


Ki 

•795 

.592 

.404 

.237 

.102 

♦ 

.214 

.483 

.692 

.860 

.963 

Ra 

— .039 

— .  075 

—.096 

—.097 

—.065 

TRUSS  No.  3. 


3  C  O  t  F 


r 

Dead  load  =  800  pounds  per  foot  per  truss,  =  20,000 
pounds  per  panel  per  truss. 

Live  load  =  1,500  pounds  per  foot  per  truss,  =  37,500 
pounds  per  panel  per  truss,  with  two  locomotive  excesses  of 
10,000  pounds  each,  two  panels  apart. 


1 

A 

l 

A 

s. 

Sr 

s2 

s3 

Q  1  So 

k*  A 

BD 

50. 

20.44 

2.446 

1.923 

.961 

4.703 

BE 

25. 

21.68 

1.153 

2.884 

1.923 

.961 

3.324 

EF 

25. 

32.38 

.772 

4.807 

3.846 

2.884 

1.923 

.961  3.711 

ac 

50. 

14.51 

3.446 

.961 

3.311 

cd 

25. 

20.69 

1.208 

2.884 

1.923 

.961 

3  484 

df 

50. 

28.5 

1.754 

3.846 

2.884 

1.923 

.961 

6.745 

aB 

36.069 

20.44 

1.765 

1.387 

2.448 

Be 

36.069 

19.7 

1.831 

1.387 

1.387 

2.539 

cD 

36.069 

18.94 

1.904 

1.387 

1.387 

1.387 

2.640 

Dd 

26. 

17.7 

1.469 

1. 

1. 

1. 

1.469 

dE 

36.069 

18.38 

1.962 

1.387 

1  387 

1.387 

1.387 

2.721 

Ef 

36.069 

44.5 

.811 

1.387 

1.387 

1.387 

1.387 

1.387  1.125 
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Chords.  AVebs. 


75.609+17.381=02.990 


£ 


1S.S, 

A 


=  51.317  +  13.987=65.304 


1  SS 

S  -  =  30.207  +  10.465=40.672 


1 S  A 


A 

A 


is0s4 


=  13.616  + 
=  3.567+ 


5.335=18.951 
1.561=  5.12S 


Pi 
.751 
K,  . 298 
K3  —.049 


.302 

.796 

—.098 


.944 

—.072 


TRUSS  No.  4. 


1 

A 

l 

A 

s. 

s, 

s.1 

S  8 

3  4 

1  So 

A 

no 

50. 

20.22 

2.473 

1.667 

.833 

4.122 

1)E 

25. 

20.22 

1.236 

2.5 

1.667 

.833 

3.090 

EF 

25. 

28.52 

.88 

4.167 

3.333 

2  5 

1.667  .833 

3.667 

ac 

50. 

15.14 

3.302 

.833 

2.752 

ccl 

25. 

16.46 

1.519 

2.5 

1.667 

.833 

3.798 

df 

50. 

23.44 

2.133 

3.333 

2.5 

1.667 

.833  ! 

7.1  10 

ciB 

39.051 

21.98 

1.777 

1.302 

2.313 

Be 

39.051 

22. 

1.775 

1.302 

1.302 

2.311 

cl) 

39.051 

25. 

1.562 

1.302 

1.302 

1.302 

2.034 

Dd 

30. 

21.02 

1.471 

1. 

1. 

1. 

1.471 

dE 

39.051 

17.5 

,  2.231 

1.302 

1.302 

1.302 

1.302 

2.91  >5 

Ef 

39.051 

53. 

.737 

1.302 

1.302 

1.302 

1.302  1.302 

.959 
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Chords.  Webs. 


^  1  So2 

65. 303 -f- 15. 172=80.535 

1  S  S 

44.914  +  12.160=57.074 


I  9A 

A 

is0s3 


•SA 

A 


20.758 


12.037  + 
3.056  + 


9.151=35.909 

5.032=17.069 

1.249=  4.305 


Pi 

P2 

p3 

P4 

R, 

.754 

.523 

.306 

.127 

r2 

.292 

.554 

.788 

.946 

r. 

—.046  - 

—.077  - 

—.094  - 

—.073 

TRUSS  No.  5. 


Center-bearing  Swing  Bridge.  10  panels  25  ft.z=250/. 
Loading  same  as  No.  3. 


1 

A 

l 

“a 

Si 

s2 

1 

s3 

W 

h-» 

i 

►  OB 

lo  | 

BB 

50.56 

19.84 

2. 545 

1.758 

.879 

4.474 

BE 

25.28 

19.84 

1.272 

2.333 

1 .555 

•  i7 1 

2.968 

EF 

25.28 

13.5 

1.873 

2.788 

2.091 

1.394 

.697 

5.222 

ac 

50. 

17.73 

2.820 

1. 

2.820 

cd 

25. 

17.73 

1.410 

2.307 

1.538 

.769 

3.253 

de 

25. 

22.23 

1.125 

2.759 

2.069 

1.379 

.689 

3.104 

ef 

25. 

32.12 

.778 

3.125 

2  500 

1.875 

1.250 

.625  2.431 

ciB 

35.35 

23.48 

1.506 

1.414 

2.129 

Be 

35.35 

28. 

1.263 

1.045 

1.229 

1.319 

cB 

41. 

12.75 

3.215 

.932 

1.095 

1.262 

2.997 

Bd 

32.5 

17.58 

1.849 

.656 

.  77 

.884 

1.212 

dE 

44.03 

15.75 

2.795 

.797 

.935 

1.074 

1.215 

2.228 

Ee 

36.25 

26.48 

1.369 

.586 

.69 

.794 

.898 

.802 

eF 

47.17 

20. 

2.354 

.69 

.813 

.935 

1.058 

1.179  1.624 

Ff 

40. 

65.34 

.612 

1. 

1. 

1. 

1. 

1.  .612 

REACTIONS  IN  SWING-BRIDGE  TRUSSES. 
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Chords.  W’ehs. 


£ 


1  S  2 

=  55.833+11.954=  67.787 

•  S.S. 

=  36.969+10.404=47.373 

1  S  S 

— f  -*  =  20. 923+10. 014=  30. 937 


1  _S0S, 

A 

1SA 

A 


8.816+  5.757=14.573 
1.520+  2.525=  4.045 


Pi 

P2 

Ps 

P 

4 

K, 

.749 

.528 

.307 

.130 

.302 

.544 

.786 

.940 

K,  - 

—.051  - 

—.072  - 

—.093  - 

—.070 

TRUSS  No.  6. 


Rim-bearing  Swing  Bridge. 


Dead  load  =  800  pounds  per  ft.  per  truss  =  18,400  pounds 
per  panel  per  truss. 

Live  load  =  1,500  pounds  per  foot  per  truss  =  34,500 
pounds  per  panel  per  truss. 

Two  locomotive  excesses  of  10,000  lbs.,  two  panels  apart. 

Reactions  for  1  lb.  panel  load  by  formula  in  Eng.  News, 

•  ,  P  (L8 — Z*)  Z 

October  24,  1895,  which  is  R  — rx — r~5\  i  in  which 

*  2I1I3  (li+3J2-t  13) 
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L 


R, 

.762 

.533 

.324 

.143 

R* 

.238 

.467 

.676 

.857 

Rs 

+  .038 

+  .067 

+  .076 

+  .057 

R. 

—.038 

—.067 

—.076 

—.057 

!,=  «/  >3=/^ 

1,=/, 

Z=  distance  from  a  to  loaded  point. 


TRUSS  No.  6  FIXED  AT  Ff. 


1 

A 

l 

A 

s. 

s, 

s2 

s3 

s. 

1  So 

A 

BD 

46.12 

20.22 

2.28 

1.73 

.865 

3.944 

DE 

23.06 

20.22 

1.140 

2.442 

1.628 

.814 

2.784 

EF 

25  08 

19.25 

1.303 

3.133 

2.508 

1.88 

1.254 

.626 

4.082 

ac 

46. 

14.08 

3.267 

.92 

3.005 

cd 

23. 

20.26 

1.135 

2.435 

1.624 

.812 

2.764 

df 

46. 

20.26 

2.27 

3.067 

2.3 

1.533 

.767 

6.961 

aB 

33.97 

20.22 

1.68 

1.359 

2.283 

Be 

33.97 

19.14 

1.775 

1.189 

1.274 

2.110 

cD 

36.49 

15.94 

2.289 

1.127 

1.207 

1.289 

2  579 

dD 

28.33 

14.08 

2.012 

.824 

.884 

.94 

1.658 

dE 

37.8 

14.25 

2.653 

1.039 

1.111 

1.186 

1.260 

2.756 

Ef 

37.8 

26.5 

1.426 

.315 

0. 

-.318 

-  629 

-.945 

.449 

Ff 

40. 

13.08 

3.058 

1.25 

1. 

•  /  0 

.5 

.25 

3.823 

When  center  diagonals 

are  omitted, 

truss 

fixed  at  F,  f 

l  and  J 

members 

between 

a  and  . 

f  same 

as  above. 

FF, 

20. 

18.38 

1.088 

2.875 

2.3 

1.725 

1.15 

.575 

3.128 

ffi 

20. 

22.44 

.891 

2.875 

2.3 

1.725 

1.15 

.575 

2.562 
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TRUSS  No.  6  FIXED  AT  L\  J\ ,  NO  STRESS  IN  m h\  AND 


1 

A 

-i  s„  s, 

I 

s.  s3 

s. 

1  So 

A 

1  S5 

A 

BD 

46.12 

20.22 

2.28  1.73  865 

3.944 

DE 

23.06 

20.22 

1.140  2.442  1.628 

.814 

2.784 

EF 

25.08 

19.25 

1.303  3.133  2.508 

1.88  1.254 

.626 

4.082 

F  Fx 

20. 

18.38 

1.088  3.375  2.8 

2.225  1.65 

1.075  .5 

3.671 

.544 

ac 

46. 

14.08 

3.267  .92 

3.005 

cd 

23. 

20.26 

1.135  2.435  1.624 

.812 

2.764 

df 

46. 

20.26 

2.27  3.067  2  3 

1.533  .767 

6.961 

ffx 

20. 

22  44 

.891  2.875  2  3 

1.725  1.15 

.575 

2.561 

- 

ciB 

33.97 

20.22 

1.68  1.359 

2.283 

Be 

33.97 

19.14 

1.775  1  189  1.274 

2.110 

cD 

36.49 

15.94 

2.289!  1.127  1  207 

1.289 

2.579 

dD 

28.33 

14.08 

2.012  .824  .884 

.94 

1.658 

dE 

37.8 

14.25 

2.653  1  039  1.111 

1.186  1.260 

2.756 

Ef 

37.8 

26.5 

1.426  .315  .0 

-  .3)8  -  .629 

-  .945 

.449 

Fm 

20. 

13.08 

1.529  .75  .5 

.25  .0 

-  .25  -.5 

1.147 

-  .765 

mf 

20. 

13.08 

1.529  .25  .0 

-  .25  -  .5 

-  .75  -1.0 

.382 

-1.529 

"h/i 

20. 

13.08 

1.529  .5  .5 

.5  .5 

.5  .5 

.765 

.765 

Fmx 

28.28 

1.56 

18.1  .707  .707 

.707  .707 

.707  .707 

12.797 

12.797 

m  m  j 

20. 

4.76 

4.202  .5  .5 

.5  .5 

.5  .5 

2.101 

2.101 

28.28 

1.56 

18.1  .707  .707 

.707  .707 

.707  .707 

12.797 

12.797 

Truss  fixed  at  F.  f. 

Chords.  Webs.  Total. 


^  1  S* 

^  — r^-=  57.255  +  17.668=74.923 
1  S  S 

^ -=  38.674  -14.152=52.826 
^  A 

^  1 S0S, 

^—]r1  =  22.856  +  10.876=33.732 
1  S  S 

10.453+  5.103=15.556 

^  S0S4 

=  2.558+  .532=  3.090 

Center  panel  omitted. 

Kt  +.752 
K  +.295 
R  —.047 


P, 

+  .525 
+  .550 
— /075 


P, 

+  .304 
+  .792 
— .096 


+  .120 
+  .959 
— .079- 
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Truss  fixed  at  F  f  and  fy  center  diagonals  omitted. 
Chords.  Webs.  Total. 


l^o2 

A 

1  S0SX 

~A~ 


!M. 

A 


3: 


1M. 

A 

1S,S, 

A 


73.615  +  17.668=91.283 
51.762  +  1+152=65.914 
32.672  +  10.876=43.548 
16.997+  5.103=22.100 
5.830+  .532=  6.362 


1»«2 
<  1  SA 

1  S0S2 
1S«S3 


A 

1S0S4 

A 

1  S0s5 

A 


Pi 

p2 

p3 

p4 

Ei 

+  .757 

+  .532 

+  .313 

+.128 

E, 

+  .243 

+  .468 

+  .687 

+  .872 

Es 

+  .043 

+  .068 

+  .087 

+  .072 

E, 

—.043 

—.068 

— .  087 

—.072 

TRUSS  FIXED  AT  FJX. 

Chords.  Webs. 

=  77.008+33.373= 

110.381 

i  s4s5 

^  A  “ 

20.669 

=  54.850+30.432= 

85.282 

<  i  s,s,  _ 

^  A 

20.931 

=  35.441+27.729= 

63.170 

^  A  = 

21.192 

=  19.460+22.529= 

41.989 

^  1  8S. 

*  A  “ 

21.452 

=  7.974+18.531= 

26.505 

^  l  s/2 
*  A  “ 

21.712 

1  s  s 

^  °  5=  1. 836+  IS. 573=  20.409 


REACTIONS  IN  SWING-BRIDGE  TRUSSES. 


4 1 


Truss  fixed  as  above,  center  diag's  and  strut  doubled. 
Chords.  Webs. 


1  S, 


=  77.008+23.800=100.808 


1  S  S 

^-^-  =  54.850+20.859=  75.709 

JAl 

^  1  S0s2 

^-^-  =  35.441+18.156=  53.597 
A 


1  SnS 


0*^3 


=  19.460+12.956=  32.416 


^  1  s0s4 

~ -  =  7.974+  8.958=  16.932 


A 

1S0S5 


=  1.836+  9.000=  10.836 


r  f 


^  1  S,S» 

^  —  —  =  11.096 

-iT\- 

^  I  s.,s. 

=  11.358 

^  1  s,sR 

^  £  6  =  11.619 

1  SSK 

^  6  =  11.879 

_  1  S_2 

=  12.139 


Ra 


By  reference  to  Fig.  8,  by  a  method  similar  to  that  under 
Fig.  2,  the  following  equations  can  readily  be  deduced: 
Deflection  of  afx  due  to  P2  Deflection  afx  due  to  Px 

a  f 

Defleetion  a  f  due  to  P  _ , .  . . . 

Jx  -71  4  (4) 

**  j  i  ./  i  n 

also 


+ 


«  fx 

Deflection  f  k  due  to  P 
«/ 1 


a  fx 

Deflection  //!  due  to  7?, 


/  fx 


+ 


fx  * 

Deflection  f  fx  due  to  Px 


f  fx 

Deflection  f  fx  due  to  P  Deflection  fx  k  due  to  P 

ff  -  fx  k  (  } 

also  Px + 7?a  +  P3  +  R  =  7 >  (  6 ) 

and  Px  X  a  f + P2  Xf  fx — P \  Xfx  k =Pxvi  fx  ( 7 ) 

Substituting  the  deflections  as  obtained  above  in  equations 
(4)  (5)  (6)  (7)  we  obtain  the  following  equations,  remembering 
that  there  is  no  stress  in  m  Fx  nor  in  f  mx\ 


46  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA- 


No.  6  TRUSS  AS  DESIGNED. 

Load  at  b. 


85.282  110.381 

135  +  135  Kl 


20.409 

135 


74.923 

115 


R  R-  = 

m 


.  756: 


20.669  20.409  21.7121J,  74.923u 

20  +  20  Kl  +  20  ■* =  —  115  R‘ 

135.R,  +  2  OR,  —  115R4  —  112 

R ,+  R,  +  R,  +  R4  =  1 


R2=  .266 

R  =  .019 

R  = — .041 

4 


Load  at  c. 


63.170  110.381^  20.409^  74.923^ 

135  +  135  Kl  +  135  Ka=  Tll>  4 

20.931  20.409  21.712  74.923 

20  +  T6  Kl  +  20  =  115  s 

135R  +  20R,—  115R4  =89 
Ri  +R,  +  R„  +  R.  =  1 


Rj=  .530 

R  =  . 504 

R  =  .030 

R  =_.064 

4 


Load  at  d. 

41.989  110.381^  20.409^ 

135  +  135  Kl  +  135  = 

21.192  20.409  21.712 

—  20  +  20  Kl  +  20  2  ” 
135R1  +  20R2  — 115R4=  66 
Rt  +  R2  +  R,  +R4  =  1 


7*vf  r4  r- 

115  4 

.310 

7*-“8E,  b,_ 

1 1 0  4  1 

.734 

R,= 

.038 

R  = 

—.082. 

Load  at  e. 


26.505  110. 381^  20.409^,  74.923^ 

135  h  135  Kl  +  135  2=  “ '  115  1 4 

21.452  20.409  v  21.712  74.923 

20  *"  20  +  20  K*  ~  ~  115  4 

135R1+20R2—  115R4=  43 
RI  +  R2  +  R3  +  R4  =  1 


R.=  .126 

R2=  .910. 

R=  .032 
R=— .068 

4 


REACTIONS  IN  SWING-BRIDGE  TRUSSES. 
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No.  6  TRUSS  CENTER  WEB  MEMBERS  DOUBLED. 


Load  at  b. 


75.709  100.808  10.836 

135  +  135  Kl  +  135  = 

11.096  10.836  12.139 

20  +  20  ^  +  20  R*  = 

135Rt  +  20R, —  115R4  =  112 
Rl  4-  R2  +  R.{  +  R4  =  1 


74.923 

115 


74.923 

115 


Load  at  c. 


53.597  100.808  10.836  74.923 

135  +  135  Kl  +  135  =  Tl5 

11.358  10.836  12.139  74.923 

20  +  20  ^  +  20  =  115 

135RX  +  20R2  —  115R4  =  89 
R1  +  R2  +  R3  +  R4  =  l 


Rj=  .755 

R  =  .282 

R:}^  .002 

R4= — .039 

R  =  .52S 

R2=  .530 

R.=  .  003 

R4=— .061 


Load  at  d. 


32.416  100. 808  u  10.836^ 

135  +~135  Kl+  135  2  = 

11.619  10.836  12.139  _ 

20  +  20  1  +  20  2  = 
135Ri  +  2  0R.(  —  115R4  =  66 

r1  +  r2  +  r3  +  r4=i 


74.923 

115 

74.923 

115 


R  =  .308 

R  =  .767 

R=  .004 
R4= - .079 


Load  at  e 

16.932  100.808  10.836 

135  +  "“135“  +  135  K* 

11.879  10.836  w  12. 139^ 

20  +  20  K 1  +  20 
135R4  +  20R2 —  115R4  =  43 
R1  +  R2  +  R3  +  R4=l 


74.923 
115  K* 
74.923 
115 


R  =  .124 

Ra=  .938 

R3=  .003 

R4= - .065 
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/. 


Center-bearing  Swing  Bridge,  10  panels  ©  25'  =  250'. 


Dead  load  =  800  pounds  per  ft.  per  truss  =  20,000  pounds 
per  panel  per  truss.  Live  load  =  1,500  pounds  per  foot  per 
truss  =  37,500  pounds  per  panel  per  truss,  and  two  locomo¬ 
tive  excesses  of  10,000  pounds,  two  panels  apart. 


1 

A 

i  s0 

Si 

s2 

s3 

Si 

is0 

A 

ciB 

26.25 

47.44 

.553  3.281 

1.815 

BD 

52.5 

35.4 

1.483  3.281 

1.641 

4.865 

DE 

26.25 

28.54 

.92  3.281 

2.187 

1.094 

3.019 

EF 

26.25 

28  54 

.92  3.281 

2.461 

1.641 

.820 

3.019 

ac 

50. 

41. 

1.219  3.125 

3.809 

cd 

25. 

21.91 

1.141  3.125 

2  083 

1.042 

3.566 

de 

25. 

21.91 

1.141  3.125 

2.344 

1.563 

.781 

3-566 

ef 

25. 

'25.92 

.965  3.125 

2.500 

1.875 

1.25 

.625 

3.016 

Be 

26  25 

18. 5S 

1.413 

1.641 

cD 

34.66 

13.5 

2.567 

.721 

1.443 

Dd 

24. 

11.8 

2.034 

.334 

.667 

dE 

40.61 

15.75 

2.578 

.422 

.846 

1.269 

Ee 

32. 

18.8 

1.702 

.250 

.5 

.75 

eF 

47.17 

17.5 

2.695 

.294 

.589 

.884 

1.179 

Ff 

40. 

59.98 

.667  1.0 

1.0 

1.0 

1.0 

1.0 

.667 

Ri 

r2 

R 


REACTIONS  FOR  1  POUND  PANEL  LOAD  BY  THEOREM  OF  THREE  MOMENTS. 

Pi 

.752 
.296 
—.048 


P2 

.516 


.568 

—.084 


P3 

.304 

.792 

—.096 


Pi 

.128 

.944 

—.072 


<  1So2 
^  A 


Chords.  Webs.  Total. 
=  85.341  +  .667  =  86.008 

=  15.311  +  .667  =  16.008 


REACTIONS  IN  SWING-BRIDGE  TRUSSES. 


i  s„s,, 

A 

23.198 

+  .667  = 

23. 865 

1  S„SH 

A 

9.028 

+  .667  = 

9.695 

1  S0S, 

A 

1.884 

+  .667  = 

2.551 

Reactions. 

P 

P  P 

2  3 

R, 

.667 

.439  .256 

.115 

r2 

.466 

.722  .S88 

.970 

r8  - 

-.133 

— .  161  —.144 

—  .085 

Center-bearing  Swing  Bridge,  10  panels  @  25'  =  250'. 


Dead  load  =  800  pounds  per  foot  per  truss  =  20,000 
pounds  per  panel  per  truss. 

Live  load  =  1,500  pounds  per  foot  per  truss  =  37,500 
pounds  per  panel  per  truss,  with  two  excesses  of  10,000 
pounds  each  two  panels  apart. 


1 

A 

l 

.  A 

s„ 

s, 

s» 

s3 

i  -'ll 

A 

ciB 

28.85 

29.79 

.968 

2.004 

1 .940 

BC 

27.39 

26.91 

1.018 

2.140 

1.07 

• 

2. 1 78 

CD 

26.25 

26.91 

.975 

2.051 

1.025 

2.0(H) 

DE 

25.46 

26.91 

.946 

2.273 

1.515 

.758 

2.150 

EF 

25.05 

26.91 

.931 

2.610 

1.957 

1.305 

.652 

2.429 

ac 

50. 

22. 

2.273 

1.736 

3.945 

cd 

25. 

16.24 

1.539 

2.232 

1.488 

.744 

3.435 

dc 

25. 

17.62 

1.419 

2.604 

1.953 

1.302 

.651 

3.695 

ef 

25. 

28. 

.893 

3.125 

2.5 

1.875 

1.25 

.625 

2. 790 

Be 

28. 85 

17.64 

1.635 

.251 

1.127 

.410 

Cc 

25.6 

8.82 

2.902 

.249 

.126 

.722 

cD 

41.88 

12. 

3.490 

.466 

.  856 

1.247 

1.626 

Dd 

33.6 

16.46 

2.041 

.571 

.714 

.857 

1.166 

dE 

45.82 

15.75 

2.909 

.682 

.852 

1.022 

1.193 

1.984 

Ee 

38.4 

27.2 

1.412 

.832 

.875 

.917 

.959 

1.175 

eF 

47.17 

22. 

2.144 

.983 

1.032 

1.08 

1.130 

1.179 

2.107 

Ff 

40. 

37. 

1.081 

1. 

1. 

1. 

1. 

1. 

1.081 
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5; 


is; 

A 

18,8, 

A 

1  80S2 

A 

1S083 

A 

1  S0S4 

A 


Chords. 

Webs. 

Totals. 

56.732  + 

7.187  = 

63.920 

31.692  + 

8.748  — 

40.440 

17.398  + 

9.487  = 

26.885 

7.476  + 

6.954  = 

14.430 

1.744  + 

3. 565  = 

5.309 

Reactions. 


P  P  P 

1  2  3 


K, 

.716 

.510 

.313 

.142 

+ 

.368 

.  580 

.774 

.916 

K,  - 

.084  - 

.090  - 

.087  - 

—.058 

STRESSES  IN  TRUSS  NO.  1  BY  THEOREM  OF  THREE  MOMENTS  COMPARED  WITH 

CORRECT  STRESSES. 


Maximum 
Stresses  by 
Theorem  of 
Three 
Moments. 

Correct 

Stresses. 

Errors 

% 

Minimum 
Stresses  by 
Theorem  of 
Three 
Moments. 

Correct 

Stresses. 

Errors 

% 

IW 

+  98,960 

+  100,440 

-  1.46 

-  50,810 

-  49,980 

+  1 .66 

DE 

+.  82,840 

+  84,780 

-  2.3 

-  91,690 

-  90,440 

+  1.38 

EF 

-249,560 

-245,840 

+  1.51 

ac 

+  20,250 

+  19,830 

+  2.09 

-  73,250 

-  73,920 

-  .91 

cd 

+  91,690 

+  90,440 

+  1.38 

-  82,840 

-  84,780 

-  2.3 

df 

+142,880 

+141,210 

+  1.17 

aB 

+  93,800 

+  v)4,670 

-  .93 

-  25,930 

-  25,400 

+  2.09 

Be 

+  48,070 

+  47,920 

+  .31 

-  47,690 

-  48,480 

-  1.62 

cD 

+  11,510 

+  12,890 

-10.73 

-  78,700 

-  78,290 

+  .52 

dD 

+  49,170 

+  48,920 

+  .52 

-  7,810 

—  8,050 

-  3.01 

dE 

-116,960 

-116,520 

+  .38 

Ef 

+  166,840 

+  166,280 

CO 

CO 

+ 

REACTIONS  IN  SWING-BRIDGE  TRUSSES. 


51 


TRU *S  NO.  6.  STRESSES  BY  THEOREM  OK  THREE  MOMENTS  COMPARED  WITH 

CORRECT  STRESSES. 


Maximum 
Stresses  by 
Theorem  of 
Three 
Moments. 

Correct 

Stresses. 

• 

Error 

% 

Minimum 
Stresses  by 
Theorem  of 
Three 
Moments. 

Correct  Error 

Stresses.  fo 

BD 

+111,410 

+  115,070 

-  9.1S 

—  68,360 

-  65,260  +  4.75 

BE 

+  8S,440 

+  89,710 

-  3.64 

-118,940 

-114,570  +  3.81 

EF 

-242,790 

-233,490  +  3.98 

FFX 

-222,670 

-214,150  +  3.98 

ac 

+  27,S90 

+  26,240 

+  6.29 

-  87,360 

-  89,300  -  2.18 

cd 

+118.630 

+  115,490  ' 

+  2.72 

-  86,080 

-  91,310  -  5.72 

df 

+177  600 

+172,110 

+  3.19 

-  20,000 

-  26,470  -24.43 

a  B 

+129,240 

+131,920 

-  2.03 

-  41,180 

—  38,750  +  6.26 

Be 

+  72,610 

+  74,030 

-  1.92 

-  53,690 

-  56,080  -  4.27 

cD 

+  3,310 

+  4,950 

-33.12 

-116,890 

-121,100  -  3.47 

dD 

+  85,440 

+  88,460 

-  3.42 

-  2,450 

-  3.640  -32.60 

dE 

-163,320 

+173,220  -  5.72 

Ef 

+141,330 

+142,000 

-  .47 

Ff 

+  96,830 

+  93,790 

+  3.25 

ffx 

+222,670 

+  214,150 

+  3.98 

TRUSS  NO.  6.  STRESSES  BY  FORMULA  IN  ENGINEERING  NEWS,  OCTOBER  24, 

18‘.»5,  COMPARED  WITH  CORRECT  STRESSES. 


Maximum 
Stress  by 
Eng.  News 
Formula. 

Correct 
•  Stress. 

Error 

% 

Minimum 
Stress  by 
Eng.  News 
Formula. 

Correct 

Stress. 

Error 

% 

BD 

+  118,050 

+115,070 

+  2.59 

-  64,100 

-  65,260 

-  1.77 

DE 

+  97.950 

+  89,710 

+  9.19 

-112,940 

-114,570 

-  1.43 

EF 

-228,370 

-233,490 

-  2.19 

FFX 

-209,500 

-214,150 

-  2.17 

ac 

+  25,630 

+  26,240 

-  2.32 

-  91,720 

-  89,300 

+  2.71 

cd 

+112,640 

+  115,490 

-  2.47 

-  98,630 

-  91,310 

+  8.02 

df 

+17  0,050 

+172,110 

-  1.20 

-  34,380 

-  26,470 

+29.90 

aB 

+135,460 

+131,920 

+  2.69 

-  37,840 

-  38,750 

•  2.36 

Be 

+  69,270 

+  74,030 

-  6.43 

—  58,930 

-  56,080 

+  5.07 

cD 

+  7,460 

+  4,950 

+50.74 

-113,090 

-121,100 

-  6.61 

Dd 

+  82,630 

+  88,460 

-  6.59 

-  5,490 

-  3,640 

+51.00 

dE 

—159,070 

-173,220 

-  8.17 

Ef 

+140,230 

+142  000 

-  1.25 

fF 

+  91,080 

+  93,790 

-  2.94 

ffx 

+209,500 

+214,150 

-  2.17 
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TRUSS  NO.  7.  STRESSES  BY  THEOREM  OF  THREE  MOMENTS  COMPARED  WITH 

CORRECT  STRESSES. 


Maximum 
Stresses  by 
Theorem  of 
Three 
Moments. 

Correct 

Stresses. 

Error 

% 

Minimum 
Stresses  by 
Theorem  of 
Three 
Moments. 

Correct 

Stresses. 

Error 

% 

aB 

+335,680 

+274,610 

+22.23 

-107,650 

-139,050 

-22.58 

BD 

+227,530 

+  168,150 

+35.31 

-140,470 

-171,8/0 

-18.27 

DE 

+122,570 

+  64,060 

+91.34 

-173,270 

-204,670 

-15.34 

EF 

+  22,730 

-206,090 

-247,690 

-16.8 

cic 

+102,530 

+  132,430 

-22.57 

-320,640 

-261,530 

+22.6 

cd 

+165,030 

+194,930 

-15.34 

-116,750 

-  61,000 

+91.39 

de 

+  196,290 

+243,100 

-19.26 

-  21,670 

ef 

+260,070 

+318,750 

-18.41 

Be 

+110,770 

+110,770 

.0 

cD 

-138,490 

-138,490 

.0 

Dd 

+  64,170 

+  64,170 

.0 

dE 

-162,280 

-162,280 

.0 

Ee 

+  96,250 

+  96,250 

.0 

eF 

-187,070 

-187,070 

.0 

Ff 

+313,880 

+313,880 

.0 

For  trusses  Nos.  1,  2,  3,  T,  as  will  be  seen,  the  error  in 
Rt  does  not  exceed  1J  per  cent,  in  any  case,  while  the  error  in 
R,,  though  somewhat  larger,  is  hardly  worth  noting.  The 
stresses  in  truss  No.  1  have  been  worked  out  for  the  correct 
reactions  as  shown.  The  error  exceeds  2.3  per  cent,  in  only 
two  cases,  and  it  will  be  observed  that  these  are  small  stresses 
and  would  not  affect  the  sections  of  the  numbers. 

The  reactions  in  truss  No.  5  are  somewhat  more  in  error y 
but  the  sections  of  the  members  would  not  be  materially 
altered. 

We  may  therefore  say  that  nothing  practical  will  be 
gained  by  applying  the  principal  of  virtual  velocities  to  trusses 
in  which  the  chords  are  nearly  parallel.  In  trusses  Nos.  7,  8, 
however,  the  case  is  quite  different,  and  in  designing  trusses  of 
those  or  similar  forms,  it  would  be  well  to  change  the  theoreti¬ 
cal  reactions  to  conform  to  those  here  obtained  or  make  a 
special  investigation  in  each  case. 

Truss  No.  6  appeared  to  merit  a  special  investigation,  be¬ 
cause  the  conditions  are  materially  different  from  those  that 
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obtain  in  the  other  trusses.  As  this  type  of  truss  is  very  com¬ 
mon,  if  the  usual  method  of  calculating  the  stresses  is  suffi¬ 
ciently  accurate,  it  is  worth  while  to  know  it;  if  not,  it  is 
worth  while  to  know  that  and  to  make  proper  allowance  for 
the  errors.  As  the  sections  of  the  web  members  in  the  center 
panel  are  largely  matters  of  judgment,  they  were  first  made 
about  the  same  as  is  usually  done  in  practice  in  similar  cases, 
then  these  sections  were  doubled,  and  again  these  members 
were  omitted  altogether  and  the  reactions  calculated  in  each 
case.  The  reactions  were  also  calculated  according  to  the 
formula  in  Engineering  News  of  October  24,  1895.  The  cen¬ 
ter  panel  was  omitted  and  the  truss  made  that  much  shorter 
and  center- bearing.  When  the  center  panel  is  omitted  and  the 
truss  shortened,  the  reactions  agree  very  well  with  those  ob- 
tained  by  the  theorem  of  three  moments.  When  only  the  web 
members  are  omitted  in  the  center  panel,  the  reactions  agree 
fairly  well  with  those  obtained  by  the  Engineering  News  for¬ 
mula.  In  the  truss  as  first  designed  the  reactions  are  generally 
between  those  obtained  by  the  Engineering  News  formula  and 
those  obtained  by  the  theorem  of  three  moments,  but  rather 
nearer  the  latter;  but  they  are  still  nearer  the  latter  when  the 
web  members  in  the  center  panel  are  doubled. 

The  stresses  throughout  the  truss  were  calculated  by  the 
theorem  of  three  moments,  ignoring  the  center  panel,  by  the 
Engineering  News  formula  and  by  the  principle  of  virtual 
velocities  as  first  designed.  The  results  are  shown.  As  will 
be  seen,  the  results  by  the  theorem  of  three  moments  are  cor¬ 
rect  within  4  per  cent,  in  all  except  eight  cases,  and  in  all  but 
one  of  those  the  leaser  stress  is  in  error  and  would  not  there¬ 
fore  affect  the  sections  of  the  members;  besides,  the  errors  are 
nearly  all  on  the  safe  side. 

If  the  stresses  are  calculated  by  the  Engineering  Nws  form¬ 
ula,  it  will  be  seen  that  the  maximum  stresses  in  the  chords  and 
center  posts  are  considerably  more  nearly  correct  than  in  the 
last  case,  while  the  errors  in  the  web  members  are  somewhat 
greater.  This  observation,  of  course,  may  not  hold  in  all  cases. 
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In  the  case  of  truss  No.  7,  the  errors  in  the  chord  stresses 
are  so  great  as  to  be  scarcely  admissible. 

Mr.  Johnson — Gentlemen,  we  have  listened  to  a  very 
carefully  prepared  paper,  and  we  can  appreciate  the  great 
amount  of  work  Mr.  Whited  has  put  on  it,  to  arrive  at  these 
results. 

It  was  voted  that  the  thanks  of  the  Society  be  tendered 
Mr.  Whited  for  the  excellent  paper  he  had  prepared. 

Mr.  Kaufman — I  would  like  to  say  that  a  few  weeks  ago 
there  were  given  in  the  Engineering  News ,  the  results  of  some 
experiments  made  by  Prof.  Howe  on  a  model  of  a  bridge,  and 
he  corroborates  even  thing  that  Mr.  Whited  has  proved 
tonight.  I  could  appreciate  the  vast  amount  of  work  Mr. 
Whited  has  placed  upon  this  paper. 

A  Member — I  don't  know  very  much  about  trusses,  but 
I  heard  a  story,  about  where  some  railroad  officials  and 
engineers  went  out  to  inspect  the  road.  The  superintendent 
was  along,  and  they  had  champagne,  etc.  They  came  to  an 
old  wooden  bridge  which  was  nearly  rotten.  The  superinten¬ 
dent  took  his  cane  and  punched  at  the  timbers  for  a  while,  and 
then  asked,  u  What  holds  this  bridge  up  ?  Why  doesn't  it  fall 
down?”  The  engineer  replied  that  it  was  the  principle  of 
stress  that  held  it  up. 

Mr.  Johnson — On  the  lines  I  am  connected  with,  out  of 
something  like  twenty-three  miles  of  bridges,  we  aredortunate 
enough  to  have  only  three  draw  bridges.  One  of  them  is  a 

O  * 

two-track  strip  with  three  trusses.  Three  or  four  years  ago  a 
train  became  derailed  just  as  it  was  approaching  the  bridge, 
and  knocked  out  the  panels,  but  it  didn't  fall  down.  Whether 
it  was  the  principle  of  stress  that  held  it  up,  I  don’t  know, 
but  we  didn’t  have  any  disaster. 

On  motion  the  society  adjourned  at  10:10  P.  M. 

Reginald  A.  Fessenden, 

Secretary. 
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MEETING  OF  THE  CHEMICAL  SECTION 


Pittsburg,  Pa.,  February  22,  1900. 

The  regular  monthly  meeting  of  the  Chemical  Section 
was  held  February  22,  1900,  at  8  :  15  P.  M.,  in  the  rooms  of 
the  Society.  The  meeting  was  called  to  order  by  Janies  O. 
Handy,  chairman. 

Present :  Messrs.  Camp,  Mohr,  Stahl,  Loeftler,  Handy, 
Arnold,  McKenna  and  three  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  J.  M.  Camp  then  read  a  paper  entitled  Laboratory 
N  otes. 

LABORATORY  NOTES. 


BY  J.  M.  CAMP. 

If  apologies  are  required  for  the  following  notes,  mine  lie 
in  the  fact  that  they  are  detailed  descriptions  of  some  methods 
of  analysis,  partly  new,  that  have  stood  the  test  of  time  and 
practical  operations.  They  include  a  method  for  determining 
phosphorus  in  coke  and  coal,  the  determination  of  phosphorus 
in  ores,  pig  iron  and  steel  containing  arsenic,  and  the  deter¬ 
mination  of  alumina  as  phosphate  in  ores  and  blast  furnace 
cinder. 

PHOSPHORUS  IN  COKE  AND  COAL. 

One  of  the  requirements  at  the  laboratory  of  which  the 
writer  has  charge,  is  the  determination  of  the  ash,  sulphur  and 
phosphorus,  each  day  in  an  average  sample  of  coke  from  all 
furnaces,  of  the  previous  day’s  consumption.  The  fusion  of 
the  ash,  consisting  as  it  does,  of  about  50  per  cent,  silica,  30 
per  cent,  alumina  and  10  per  cent,  sesquioxide  of  iron,  with 
other  bases,  and  its  final  evaporation  to  dryness  to  separate 
silica  is  at  best  a  tedious  process  which  can  not  be  safely 
hastened.  The  result  is  that  the  time  of  analysis  is  unduly 
prolonged,  consequently  the  following  scheme  was  evolved, 
yielding  excellent  results  in  the  minimum  of  time. 
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The  sample  of  coke  partly  dried,  and  ground  to  pass 
through  a  forty  mesh  sieve,  is  delivered  to  tiie  laboratory  by 
the  sampler  on  the  afternoon  of  the  day  on  which  it  is  taken. 
This  is  dried  at  100°  C.  for  one  hour,  and  when  cool  live 
grams  are  weighed  off  into  a  If  inch  porcelain  crucible.  This 
is  left  in  the  muffle  furnace  over  night,  and  in  the  morning 
the  lump  of  ash  and  any  particles  adhering  to  the  crucible  are 
transferred  to  a  30  c.c.  platinum  crucible,  mounted  on  a 
platinum  tripod.  About  5  c.c.  of  dilute  hydrochloric  acid 
are  now  added,  one  acid  to  two  of  water,  and  about  10  c.c. 
of  hydrofluoric  acid,  and  the  crucible  and  tripod  are  placed 
directly  on  the  top  of  the  chimney  of  an  Argand  burner  and 
the  flame  so  regulated  that  the  solution  will  not  boil.  In  from 
twenty  to  thirty  minutes  the  solution  is  to  dryness  and  dried 
to  drive  off  the  last  traces  of  hydrofluoric  acid,  but  not  baked, 
as  this  will  render  some  of  the  bases  insoluble  in  the  dilute  acid 
to  be  subsequently  used.  When  cool,  about  15  c.c.  of  the 
same  dilute  hydrochloric  acid  are  added  and  the  crucible 
warmed  until  all  is  in  solution.  The  contents  of  the  crucible 
are  now  transferred  to  a  12  cm.  evaporating  dish  and  5  c.c. 
of  strong  nitric  acid  added.  The  bulk  of  the  solution  now 
aggregates  about  75  c.c.,  and  the  solution  is  boiled  for  one 
or  two  minutes  and  then  filtered,  to  remove  an}'  possible  traces 
of  silica  or  unconsumed  carbon,  into  a  sixteen  ounce  flask. 

The  treatment  now  is  the  same  as  that  previously  de¬ 
scribed  before  this  Society,1  to  wit,  the  addition  of  25  c.c.  of 
strong  ammonia,  and  then  strong  nitric  acid  until  the  precipi¬ 
tated  iron  and  alumina  are  just  dissolved,  and  then  5  c.c.  in 
excess,  making  a  total  of  about  25  c.c.  strong  nitric  acid. 

The  solution  is  brought  to  S5°  C.  and  75  c.c.  of 
molybdate  solution  blown  in  by  aid  of  a  pipette,  after  which 
the  solution  is  kept  agitated  for  about  five  minutes,  and  is  then 
filtered  through  a  weighed  filter  paper  that  has  been  dried  at 
115°  to  130°  C.  and  weighed  between  watch-glasses.  The 

C  o 


1.  Proc.  E.  S.  W.  Pa.  Vol.  xi,  p.  251. 


MEETING  OF  THE  CHEMIC  AL  SECTION. 


5  < 

precipitate  is  washed  with  a  two  per  cent,  solution  of  strong 
nitric  acid,  dried  one  hour  at  the  above  temperature  and 
weighed  between  watch-glasses.  1.(33  per  cent,  of  its  weight  is 
taken  for  phosphorus. 

In  the  case  of  coals  the  treatment  is  exactly  similar,  ex- 
cept  that  the  coal  is  usually  coked  in  a  large  platinum  crucible 
and  then,  to  save  the  platinum  crucible  from  the  protracted 
heating,  the  coke  is  transferred  to  a  porcelain  crucible  for  com¬ 
plete  combustion  in  the  muffle  preferably  over  night. 

THE  DETERMINATION  OF  PHOSPHORUS  IN  ORES,  PIG  IRON  AND 

STEEL  CONTAINING  ARSENIC. 

For  the  exact  determ inatien  of  phosphorus  in  ores,  partic¬ 
ularly  manganese  ores,  coming  as  they  do  from  all  quarters  of 
the  globe,  and  in  pig  iron  or  steel  containing  arsenic,  although 
this  impurity  is  not  an  every  day  occurrence,  a  method  is  very 
desirable  wherein  at  some  stage  of  the  analysis  the  arsenic  can 
be  eliminated  without  a  marked  change  in  the  essential  details 
of  the  regular  phosphorus  determination  and  without  prolong¬ 
ing  the  time  of  the  analysis  beyond  that  of  the  regular  routine 
work.  Numerous  experiments  have  been  made  by  the  writer 
along  these  lines,  mainly  in  the  attempt  to  reduce  the  concen¬ 
trated  ferric  chloride  solution  to  the  ferrous  state,  and  then  vo 
latlilizing  the  resulting  arsenious  chloride  but  without  marked 
success,  until,  acting  on  the  suggestion  contained  in  a  paper 
by  Mr.  E.  I).  Campbell,’  describing  briefly  some  experi¬ 
ments  made  by  his  students  who  used  oxalic  acid  as  the  re¬ 
ducing  agent,  the  following  scheme  was  worked  out.  Excel- 
lent  results  were  obtained  up  to  one  per  cent,  arsenic.  The 
method  for  ores  only  will  be  given;  its  application  to  pig  iron 
or  steel  will  be  readily  seen. 

Five  grams  of  the  ground  and  dried  sample  are  weighed  oil’ 
into  a  12  cm.  porcelain  dish  with  watch-glass  cover  and  50 
c.c.  of  strong  hydrochloric  acid  added  and  the  solution  boiled 
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gently  for  about  thirty  minutes.  It  is  now  diluted  with  suf¬ 
ficient  cold  water  to  prevent  cutting  the  filter  paper  and  filtered 
into  another  dish  of  the  same  size. 

This  solution  will  contain  all  the  unvolatilized  arsenic  in 
the  ore,  and  it  is  placed  on  the  steam  bath  to  go  to  dryness 
over  night.  The  residue  is  burned  and  fused  with  the  mixed 
carbonates  and  the  fusion  allowed  to  harden  around  a  platinum 
rod.  The  crucible  is  now  warmed,  and  the  greater  bulk  of  the 
fusion  removed  on  the  platinum  rod.  This,  while  still  hot,  is 
placed  in  the  dish  with  cover,  in  which  the  ore  was  originally 
dissolved  and  containing  ten  or  fifteen  c.c.  of  water.  Dilute 
hydrochloric  acid  is  added  to  the  crucible  and  warmed,  and  this 
process  is  repeated  until  all  of  its  contents  are  removed  and 
added  to  the  dish  containing  the  fusion.  An  excess  of  strong 
hydrochloric  acid  is  now  added  to  dissolve  any  of  the  remain- 
ing  fusion,  and  this  dish  is  placed  with  the  other  on  the  sand 
bath.  In  the  morning,  to  the  dish  containing  the  dried  mass 
from  the  original  filtrate,  two  grams  of  pure  oxalic  acid  are 
added  and  50  c.c.  of  strong  hydrochloric  acid,  and  the  solu¬ 
tion,  with  watch-glass  cover,  evaporated  to  dryness  by  hard 
boiling,  but  not  baked.  When  cool  add  80  c.c.  strong  hydro¬ 
chloric  acid  and  evaporate  to  first  appearance  of  insoluble  ferric 
chloride,  remove  from  the  light  and  add  10  c.c.  strong  nitric 
acid  when  the  violent  action  has  ceased,  warm  until  all  is  in 
solution,  dilute  with  cold  water  and  filter  into  a  sixteen  ounce 
flask,  using  two  per  cent,  nitric  acid  for  washing.  In  the 
meantime,  to  the  dish  containing  the  fusion,  dilute  hydrochloric 
acid  is  added  just  sufficient  to  moisten  and  enough  hot  water 
to  dissolve  the  chlorides.  This  is  warmed  until  all  is  in  solu¬ 
tion  but  the  separated  silica  and  filtered  into  the  same  flask  with 
the  original  filtrate.  The  phosphorus  is  now  precipitated  as 
above  described  for  phosphorus  in  coke. 
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THE  DETERMINATION  OF  ALUMINA  AS  PHOSPHATE  IN  ORE  AND 

BLAST  FURNACE  CINDER. 

The  greatest  advantages  which  precipitating  and  weighing 
alumina  as  phosphate  has  over  the  hydrate  precipitation  is  in 
ore  analysis,  where  with  the  latter  method,  the  iron  and 
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alumina  are  weighed  together,  the  iron  being  finally  de- 
termined  by  solution  of  the  precipitate  and  titration,  or  pre¬ 
ferably  titration  in  another  portion  of  the  same  sample.  All  the 
errors  of  the  entire  manipulation  are  thus  thrown  on  the  alumi¬ 
na,  the  lesser  dog  In  the  phosphate  precipitation,  however, 
the  alumina  is  determined  in  a  separate  portion,  and  is  respon¬ 
sible  only  for  its  own  manipulative  errors.  In  blast  furnace 
cinders,  to  determine  the  alumina,  which  is  the  laboratories' 
daily  task,  the  determination  of  iron  is  entirely  obviated. 
Most  furnace  managers  are  content  to  receive  the  silica  and 
alumina  in  each  day’s  cinders,  counting  the  balance  as  bases? 
with  a  full  analysis  at  regular  stated  intervals.  The  iron  not 
being  an  essential  component  of  the  cinder  its  determination 
in  a  cinder  of  a  normal  working  furnace  where  it  is  little  more 
than  a  trace,  is  useless,  while,  with  an  abnormal  working 
furnace,  where  it  may  be  high,  the  manager  has  something  else 
on  hand  to  worry  him  of  much  more  importance. 

The  filtration  and  washing  of  the  phosphate  precipitate 
are  also  much  faster  than  the  same  operation  with  the  hydrate 
precipitate ;  this  statement  applies  particularly  to  cinders, 
where  the  large  amount  of  alumina  apparently  coagulates  the 
separated  sulphur  and  precipitate  settles  rapidly  leaving  the 
supernatant  liquid  practically  clear  and  readily  decanted.  In 
ores  where  there  is  much  less  alumina,  more  free  sulphur  is  in 
suspension  and  a  partial  but  not  aggravating  clogging  of  the 
filter  occurs. 

One  disadvantage  of  the  phosphate  method  is  that  there  is 
no  end  point  to  the  washing  of  the  precipitate,  it  being  slightly 
soluble  in  the  wash  water,  and  after  the  tenth  washing  showing 
with  molybdate  solution  a  fairly  uniform  volume  of  phospho- 
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molybdate  precipitate  in  equal  volumes  of  the  successive  fil¬ 
trates  up  to  the  twentieth  washing.  The  addition  of  acetic  acid 
and  ammonium  acetate  to  the  wash  water  gave  a  slightly  greater 
weight  of  aluminum  phosphate  from  a  slag  of  known  composi¬ 
tion,  but  still  showed  the  phosphate  in  the  filtrates  up  to  the 
twentieth  washing.  It  is  important  that  the  precipitate  be 
washed  thoroughly  ;  otherwise  the  platinum  ware,  if  used, 
will  suffer. 

The  method  as  used  on  ore  and  cinders  is  as  follows  : 

To  the  cold  hydrochloric  acid  filtrate  from  the  silica  of  one 
gram  of  ore  or  cinder  diluted  to  about  400  c.c.  in  a  number  five 
breaker,  add  30  c.c.  of  a  10  per  cent,  solution  of  ammonium 
phosphate  and  then  ammonia  until  a  faint  permanent  precipi¬ 
tate  is  formed.  1.5  c.c.  of  strong  hydrochloric  acid  is  now 
added,  and  for  ores,  on  account  of  the  greater  bulk  of  iron 
present,  50  c.c.;  and  for  cinders,  30  c.c.  of  a  20  per  cent, 
solution  of  sodium  hyposulphite.  The  beaker  is  now  placed 
over  the  light  and  heated  just  to  boiling.  Now  in  the  same 

graduate  measure  off'  8  c.c.  of  strong  acetic  acid  and  15  c.c. 
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of  a  20  per  cent,  solution  of  ammonium  acetate  and  add  to  the 
boiling  solution  and  boil  ten  minutes.  If  the  latter  is  added  be- 
fore  the  solution  is  boiling  or  near  the  boiling  point  the  precipi¬ 
tate  will  be  flocculent  and  difficult  to  filter.  Remove  beaker  from 
the  light  and  allow  precipitate  to  subside,  decant  clear  solution 
and  wash  precipitate  on  to  the  filter  and  then  wash  ten  times 
with  hot  water.  Transfer  precipitate  to  platinum  crucible 
without  lid  and  place  in  front  part  of  the  muffle ;  when  paper 
is  charred  transfer  crucible  to  hottest  part  of  muffle  till 
burned.  Cool  and  weigh;  41.85  per  cent,  of  the  weight  is 
alumina. 

G.  O.  Loeffler, 

Secretary  C.  S. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  third  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in 
the  Lecture  Koom  of  the  Society's  House,  410  Penn  Ave., 
Pittsburg,  Pa.,  Tuesday  evening,  March  20,  1900,  forty-nine 
members  and  visitors  being  present.  The  meeting  was  called 
to  order  at  9:30  by  Mr.  Chas.  S.  Scott. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

For  the  board  of  Directors,  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 
meeting: 


WM.  HENRY  BAILEY,  - 

ALEX.  W.  PATTON,  - 
WM.  H.  LEDGER, 

WILFRED  DUDLEY  CHESTER, 

ARTHUR  BYRON  CAPEN, 

GEORGE  J.  BRYEN, 


Mechanical  Draughtsman, 

With  Thos.  Carlin’s  Sons  Co.,  Alle¬ 
gheny,  Pa. 

Engineering  Department, 

Pittsburgh  Coal  Co.,  Pittsburg,  Pa. 
Engineer, 

Keystone  Bridge  Works,  Pittsburg, 
Pa. 

Salesman, 

Babcock  and  Wilcox  Co. ,235  McKee 
Place,  Pittsburg,  Pa. 

Pittsburg  Agent  Babcock  and  Wil¬ 
cox  Co.,  Hotel  Schenley,  Pitts¬ 
burg,  Pa. 

Master  Mechanic, 

Duquesne  Blast  Furnace  and  Steel 
Works,  Duquesne,  Pa. 


The  following  gentlemen  were  balloted  for  and  duly 
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elected  to  membership: 
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LEWIS  W.  FOGG,  -  -  Mining  Engineer, 

For  American  Coke  Co.,  Latrobe, 
Pa. 

E.  M.  HERR,  -  Asst.  General  Manager, 

Westinghouse  Air  Brake  Co.,  Wil- 
merding,  Pa. 

FRANK  S.  JACKMAN,  -  -  Engineer  and  Superintendent, 

Pittsburg  Manufacturing  Co.,  28th 
and  Railroad  Streets,  Pittsburg,  Pa. 

RICHARD  L.  SMITH,  -  Civil  Engineer, 

1011  Park  Building,  Pittsburg,  Pa., 
Castle  Shannon,  Pa. 

JAMES  D.  WHITE,  -  -  Civil  Engineer, 

730  Park  Building,  Pittsburg,  Pa. 

The  Library  Committee  reported  progress. 

The  House  Committee  reported  that  some  repairs  were 
needed  and  that  they  were  looking  up  the  matter. 

For  Finance  Committee  Mr.  Davidson  made  the  following 
report : 

,  Pittsburg,  Pa.,  March,  20th,  1900. 

Report  of  Special  Committee  appointed  to  consider  the 
question  of  the  Society  purchasing  property  for  a  Society 
House. 

Your  committee  has  taken  up  the  subject  of  the  Society 
owning  its  own  property,  and  would  respectfully  report  : 

First.  That  we  think  it  advisable  that  this  Society  does 

«/ 

not  at  this  time,  exercise  its  option  on  the  property  now  occu¬ 
pied  by  it. 

Second.  That,  in  our  opinion,  the  present  is  a  most 
favorable  time  for  the  Society  to  take  steps  toward  establish¬ 
ing  a  special  fund,  the  purpose  of  which  fund  would  be  to  pur¬ 
chase  at  some  future  time,  a  suitable  property  as  a  site  for  a 
permanent  home  for  the  Society. 

The  ways  and  means  for  this  special  object  have  been  con¬ 
sidered,  and  a  number  of  financial  plans  have  presented  them¬ 
selves.  It  is  not  necessary  that  the  full  value  in  cash  of  a 
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proposed  home  should  he  raised,  as  a  mortgage  could  he  car¬ 
ried  upon  it,  but  the  amount  to  he  borrowed  should  be  kept 
within  such  a  limit  that  the  interest  on  same,  with  the  taxes 
on  the  property  added,  less  rentals,  should  not  exceed  what 
would  he  equal  to  a  rental  compatible  with  our  income.  Just 
what  this  sum  should  he  is  a  question  that  can  he  determined 
only  in  connection  with  the  value  of  properties  that  may  l>e 
acceptable  to  the  Society,  hut  it  would  seem  to  us  that  the  sum 
of  at  least  *15,000  should  he  raised  by  subscription  among  the 
members  of  the  Society  and  its  friends.  We  believe  that  this 
sum  can  be  raised  if  the  proper  plan  of  doing  so  is  pursued. 
We  further  believe  that  the  first  step  in  any  plan  is  that  eacn 
member  of  the  Society  should  contribute  at  once  the  sum  of 
ten  dollars  to  the  proposed  fund.  This  is  a  sum  of  money 
within  the  means  of  each  and  every  member,  and  the  payment 
of  which  by  all  the  members  would  not  only  yield  a  handsome 
sum,  but  each  member  so  paying  would  have  an  equal  interest 
with  all  other  members.  The  amount  so  paid  can  be  put  out 
on  interest  at  once,  and  thus  the  principal  may  be  increasing. 
If  the  Society  will  do  this  much,  we  will  promise  to  work  hard 
to  the  end  that  substantial  additions  to  the  fund  may  be  made 
promptly.  With  a  fund  thus  created,  the  Society  will  be  pre¬ 
pared  to  provide  the  balance  needed  when  it  is  found  necessary 
and  expedient. 

The  experience  of  the  Society  has  been  that  when  it  occu¬ 
pied  good  and  convenient  quarters,  it  prospered.  In  the  past 
four  years  it  has  been  fortunate  in  being  able  to  rent  just  what 
was  needed,  and  at  a  very  modest  rental.  These  conditions 
will  not  always  maintain.  The  Society  requires  a  large  floor 
space,  say  not  less  than  1,500  square  feet.  Its  rooms  must  be 
in  the  business  part  of  the  city  and  easily  accessible  to  the 
street.  The  building  in  which  it  should  be  located,  should  be 
as  nearly  fire-proof  as  possible,  to  carry  the  risk  on  its  library 
at  a  low  rate.  This  will  mean,  at  no  very  distant  day,  a  much 
larger  rental  than  we  have  been  accustomed  to  nay.  Our 
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present  income  should  not  be  drawn  upon  for  this  purpose.  A 
special  fund  such  as  we  recommend,  even  if  it  be  not  applied 
to  purchasing  our  own  property,  can,  through  its  interest  re¬ 
turns,  aid  in  paying  the  rent  of  suitable  quarters. 

If  our  ideas  thus  crudely  expressed  meet  the  views  of  the 
members  present  at  this  meeting,  it  is  hoped  that  you  will  take 
such  action  toni«ht  as  is  necessary  to  establish  and  set  aside  a 
special  fund  to  be  known  as  “The  Property  Fund,”  into  which 
shall  be  paid  all  sums  intended  for  this  special  purpose,  and  no 
part  of  which  shall  be  used  for  any  other  purpose  than  the 
purchase  or  maintenance  of  suitable  quarters  for  the  Society. 

All  of  which  is  respectfully  submitted  : 

Geo.  S.  Davison, 

Emil  Swensson, 

Wm.  Metcalf,  y  Committe. 

Thos.  H.  Johnson, 

Jno.  A.  Brashear, 

Moved  that  report  be  accepted  and  the  recommendations 
made  by  the  Committee  be  accepted. 

Motion  amended  by  Mr.  Wilkins  to  the  effect  that  present 
Committee  be  continued  and  authorized  to  proceed  with  the 
collection  of  funds.  - 

Moved  by  Mr.  Camp  that  report  be  amended  by  striking 
out  the  word  “maintenance  ”  from  report.  Motion  lost. 

Amendment  of  Mr.  Wilkins  and  original  motion  put  and 
carried. 

The  paper  of  the  evening,  entitled  “Astronomical  and 
Mechanical  Equipment  of  the  new  Allegheny  Observatory, 5  ’ 
was  then  read  by  the  author,  Prof.  F.  L.  O.  Wadsworth. 

A  vote  of  thanks  was  tendered  the  author  by  the  Society, 
and  upon  motion  the  Society  adjourned  10:45  P.  M. 

Reginald  A.  Fessenden, 

Secretary. 
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Pittsburg,  Pa.,  March  22d,  1900. 

Meeting  called  to  order  by  the  Chairman,  J.  O.  Handy. 
Seven  members  present. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

The  Chairman  appointed  Prof.  F.  C.  Phillips  and  A.  G. 
McKenna  on  the  Committee  of  Chemical  Literature. 

Prof.  Phillips  read  an  interesting  account  of  recent 
chemical  literature. 

The  properties  of  the  new  element,  radium,  were  described. 
Ilempil's  new  edition  of  his  book  on  Gas  Analysis  was  criti¬ 
cised.  Many  other  matters  were  discussed. 

Adjourned  at  10  :10  P.  M. 

G.  O.  Loeffler, 

Secretary. 
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SYNTHETIC  INDIGO. 

BY  EDWARD  S.  JOHNSON. 

It  is  a  matter  of  very  general  observation  that  in  this  cen¬ 
ter  of  occidental  civilization,  the  United  States,  the  reception 
accorded  scientific  discoverv  by  the  mass  of  intelligent  men  is 
notably  apathetic  unless  prospect  for  immediate  utilization  is 
evident.  This  fact  is  pointed  to  as  a  marked  characteristic  of 
the  4merican  by  the  enlightened  nations  of  the  Old  World 
where,  preeminently  in  Germany,  the  greatest  importance  is 

attached  to  scientific  research  and  discoverv  whatever  the  mo- 
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mentary  outcome. 

The  causes  of  these  divergent  social  conditions  cannot  con¬ 
sistently  be  made  here  a  subject  of  minute  discussion.  It  suf¬ 
fices  to  refer  to  the  influence  of  environment  and  other  factors 
of  natural  selection  in  their  bearing  upon  the  older  civilized 
nations  treated  purely  as  modified  varieties  or  races  of  the  genus 
homo ,  and  the  intensity,  not  to  say  fierceness,  of  the  struggle 
for  existence  occasioned  by  the  narrow  limits  naturally  pre¬ 
scribed  for  a  multitude  of  combatants.  Such  conditions  have 
resulted  in  resort  to  all  the  refinements  of  human  intelligence 

C 

to  maintain  a  successful  struggle;  in  all  branches  of  industrial 
affairs,  aid  has  been  drawn  from  institutions  of  learning  with  such 
apparent  advantageous  effect  as  to  establish  in  those  countries 
where  scientific  light  is  brightest  an  intimate  connection  Avith, 
and  supreme  respect  for,  science  in  its  purity  and  the  increas¬ 
ing  host  of  its  devotees. 

Cultured  young  America  has  not  been  altogether  back- 
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Avard  in  an  appreciation  of  such  matters  in  what  has  been  his 
absorbing  occupation,  the  amassing  of  wealth.  The  untold 
natural  resources  of  a  new  land  he  has  in  part  brought  to  light, 
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utilized  to  his  own  comfort,  and  set  his  sons  of  the  last  decades 
of  the  century  upon  a  career  of  development  unparalled  in  ra¬ 
pidity  and  immensity  to  a  degree  which  makes  America  an 
object  of  utter  amazement  to  the  more  cultured  of  older  civiliz¬ 
ations.  With  this  growth  has  come  a  severity  of  competition 
in  all  those  forms  of  great  organized  effort  of  civilized  man, 
known  in  part  in  social  economics  as  industry  and  commerce. 
Natural  science  is  exerting  in  all  departments  of  industry  an 
elevating  influence.  The  united  efforts  of  botanist,  zoologist 
and  chemist  are  fast  placing  agriculture  upon  a  rational  footing, 
and  those  manufacturing  industries  producing  the  great  staples 
which  serve  as  raw  materials  for  the  almost  innumerable  objects 
of  cultured  necessity  and  comfort  are  directed  each  year  more 
fully  than  ever  by  the  deductions  of  physical  and  chemical 
science. 

Many  stages  of  progress  must,  however,  still  be  attained 
and  passed  before  American  industry  may  generally  be  regarded 
as  upon  the  level  of  that  of  the  leading  nations  of  continental 
Europe  in  respect  to  an  appreciation  and  application  of  scien¬ 
tific  methods  and  observations.  That  period  of  development 
has  hardly  passed  in  which  a  proffered  advantage  is  eagerly  ac¬ 
cepted,  fairly  grasped  by  the  beneficiary,  while  the  benefactor 
is  relegated  to  forgetfulness  or,  if  remembered,  referred  to  with 
a  kindly  commiserative,  amused  smile  when  engaged  upon 
problems  of  science  not  promising  an  instant  contribution  to 
material  wealth.  Leaving  the  figure  of  the  youth  in  the  first 
years  of  robust  manhood,  with  fine  muscular  development  and 
general  functions,  but  with  an  indefinite  sense  of  the  source  of 
his  well-being,  American  industrial  conditions  may  be  again 
likened,  in  a  measure  at  least,  to  those  of  the  newly  discovered 
gold  field.  Methods  of  operating  are  adapted  to  a  dazzling 
natural  wealth  of  raw  material  to  be  converted  into  finished 
product  by  a  mere  turn  of  the  hand,  for  the  very  picking  up, 
or,  at  most,  the  crudest  forms  of  placer  mining.  The  mass  of 
fabulous  treasure  contained  beneath  the  surface  in  great  alluvial 
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deposits  and  beds  of  quartz  rock  is  neglected  for  the  time,  and 
left  for  the  systematic  and  refined  operations  of  the  metallurgist 
who  in  after  years  applies  the  knowledge  of  his  science  with  the 
utmost  economy  in  the  transformation  of  his  raw  materials. 
This  latter  period  of  the  gold  field’s  history  illustrates  in  main 
features  European  industrial  conditions. 

Nothing  offers  a  more  forceful  illustration  of  the  important 
part  which  the  cultivation  of  science,  for  its  own  sake,  has 
played  in  their  development  to  the  present  exalted  level  than 
the  following,  at  first  g'ance  apparently  insignificant  incident 
from  the  history  of  synthetic  indigo. 

In  pursuance  of  confirmation  of  his  theory  of  the  rela¬ 
tionship  of  indol  to  the  compounds  of  the  indigo-group, 
Baeyer1  sought  evidence  in  the  reduction  of  isatine  to  dioxindol, 
oxindol  and  finally  indol.  Success  was  ultimately  achieved  but 
not  without  the  expenditure  of,  seemingly,  a  wasteful  amount 
of  time  and  energy  to  discover  the  right  reducing  agent.  This 
was  found  in  the  now  classic,  although  common,  zinc-dust  of 
the  laboratories,  which  has  been,  and  is,  of  greatest  service  to 
the  practice  of  chemical  research,  and  literally  has  led  to  the 
establishment  of  a  gigantic  chemical  industry.  It  was  by  the 
application  of  the  new  reducing  agent  that  Graebe  and  Lieber- 
mann,  respectively  assistant  and  pupil  in  Baeyer’s  laboratory, 
in  1868,  discovered  the  constitutional  relation  of  alizarine  to 
anthraquinone  and  anthracene,  and  soon  were  led  to  invent 
means  for  a  synthesis  of  the  celebrated  coloring  matter  which, 
authentic  accounts  relate,  produced  the  flaming  reds  of  the  Far 
East  centuries  and  centuries  ago. 

The  cultivation  of  the  madder  plant,  the  source  of  this 
ancient  dye-stuff,  gradually  crept  westward,  and  it  is  related 2 
that,  as  early  as  the  seventh  century,  the  plant  was  grown  on 
a  small  scale  in  France  which  became,  however,  several  cen¬ 
turies  later,  with  favorable  climatic  conditions,  the  most  ex- 

1.  Ber.  d.  deutsch.  chem.  Ges .13,  2254;  Veber.  d.  Beziehungen  d.  Zimmtsaeure  zud. 
Indigogruppe. 

2.  Schultz:  Chem.  d.  Steinlcohlentlieers,  II,  584. 
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tensive  European  producer  of  madder,  the  ground  root  of  the 
color-bearing  plant.  Besides  France,  Holland  engaged  notably 
in  the  cultivation.  In  the  season  of  1862-3,  the  production1  of 
madder  in  France  had  attained  the  seemly  proportions  of  26,- 
S50  tons;  ten  years  later,  1871-2,  and  two  years  after  the  in¬ 
troduction  of  artificial  alizarine,  25,000  tons  were  still  har¬ 
vested  ;  in  1878-9  this  sum  had  decreased,  gradually  at  first, 
and  then  by  leaps  and  bounds,  to  500  tons.  A  similar,  but  less 
rapid,  fate  overtook  the  production  in  other  madder-growing 
lands,  dwindling  the  estimated  total  output  of  the  root,  70, 
000  tons,  for  the  years  about  1868  to  a  mere  trifie.  The  rapid 
decline  in  the  cultivation  was  accompanied,  which  was  still 
more  disastrous  to  the  madder-grower,  by  a  fall  of  seventy-five 
per  cent,  in  price.  This  is  concretely  exhibited  by  the  fact 
that  in  1860  the  value  of  madder  and  garancine  exported  by 
France  was  nearly  $6,250,000,  an  amount  which  had  decreased, 
for  the  same  items  in  1876,  to  somewhat  more  than  $900,000. 

By  these  industrial  changes,  no  mean  crisis  had  presented 
itself.  Vast  tracts  of  valuable  agricultural  land  must  be  turned 
to  lucrative  account,  and  extensive  commercial  organizations 
must  be  dissolved  or  seek  excuse  for  existence  in  other  lields. 
While  a  temporary  disturbance  was  occasioned,  the  general 
effect  can  only  be  regarded  as  beneficent;  the  development  of 
the  great  staples  of  agriculture  was  elevated  where  such  was 
urgently  needed  by  the  return  of  former  madder-fields  to  their 
cultivation.  It  is  most  interesting  to  note  the  influence  of  the 
innovation  upon  chemical  industry,  the  facts  of  which  relate  a 
familiar  story,  but  one  of  such  cardinal  character  as  to  bear 
frequent  recounting,  marking,  as  it  does,  an  epoch  in  the  his¬ 
tory  of  applied  chemistry.  By  the  announcing  of  a  practica¬ 
ble  manufacture  of  alizarine  from  anthracene,  the  preparation 
of  the  latter  became  one  of  the  most  important  and  lucrative 
operations  of  the  coal-tar  distilleries.  For  the  conversion  of 
anthracene  into  anthraquinone,  a  heavy  demand  was  made  upon 

1.  Schultz:  Chem.  <1.  Steinkohlentlieerg,  II,  597. 
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the  producers  of  the  alkali  chromates.  In  succeeding  trans¬ 
formations,  the  sulphonation  and  oxidizing  fusion,  fuming 
sulphuric  acid,  caustic  alkali,  and  potassium  chlorate  are  re¬ 
quired.  Their  supply  by  the  acid,  alkali  and  chlorate  indus¬ 
tries  gave  each  a  strong  forward  impulse,  adding  heavily  to 
the  production. 

This  splendid  industrial  expansion,  which  the  enthusiastic 
chemist  cannot  regard  but  with  keen  pleasure  and  pride,  may 
be  directly  referred  for  its  origin  to  the  simple  observation 
of  the  value  of  zinc-dust  in  the  study  of  a  group  of  substances 
belonging  in  a  totally  different  held  of  scientific  research 
from  that  which  by  its  means  was  later  illumined  and  cultivated 
with  marvelous  results.  The  influence  of  this  re-agent  as  an 

O 

industrial  factor  did  not  cease  with  the  founding  of  the 
alizarine  manufacture.  Its  part  in  revealing,  in  the  hands  of 
Baeyer,  the  relationships  of  indigo,  and  leading  thus  finally, 
in  the  course  of  years  and  a  series  of  researches  of  unequalled 
brilliancy  to  practicable  methods  for  its  synthesis,  marks  the 
distant  beginning  of  another  economic  change  now  steadilv 
progressing  toward  certain,  successful  culmination. 

I.  The  Synthesis  of  Indigo. 

The  wonderful  investigations  of  Baeyer  and  his  pupils, 
which  almost  exclusively  underlie  this  development  are  so 
remarkable  as  examples  of  consistently  prosecuted,  perspicu¬ 
ous,  resourceful  and  prolific  research,  and  withal  so  absolutely 
essential  to  a  discussion  of  svnthetic  indigo,  that  thev  will 
throughout  be  reviewed  somewhat  in  detail.  To  this  will  be 
added  a  brief  consideration  of  the  chief  of  more  recent,  tech¬ 
nically  important  syntheses. 

i.  BAEYER S  SYNTHESES. 

The  first  of  these  most  interesting  formative  processes  is 
based  upon  o-amidophenylacetic  acid.1 


1.  Baeyer:  Syntliese  d.  Isatins  u.  d.  Indigb/aus,  Ber.  d.  deutsch.  chem.  Ges.,  77,  1228. 
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CHsCOOII 


The  anhydride  of  the  acid  was  shown  by  Baeyer1  to  be 
identical  with  oxindol,  one  of  the  compounds  of  the  indigo- 
group  then  already  known  and  in  the  investigation  referred  to 
shown  to  be 


CHa 

NH 


CO 


the  anhydride  of  tf-amidophenylacetic  acid.  The  preparation 
of  isatine, 

CO 

CH  >C.OH 
N 

had  already  been  Ions'  before  realized  by  the  work  of  Baeyer 
and  Emmerling2 3  by  the  action  of  phosphorus,  phosphorus  di¬ 
chloride,  and  acetyl  chloride  upon  that  substance.  The  prob¬ 
lem  therefore  consisted  in  substituting  H,  in  the  methylene- 
group,  CH,,  of  oxindol  by  ox}7gen.  Great  difficulty  was  exper¬ 
ienced  in  effecting  the  change,  being  found  impossible  by  direct 
oxidation.  With  the  idea  of  facilitating  the  desired  reaction, 
chlorine,  bromine,  etc.,  were  substituted  in  the  methylene- 
group,  but  all  unsuccessfully;  by  means  of  nitrous  acid  and 
thus  the  introduction  of  the  isonitro-group,  NOH,  and  reduc¬ 
tion,  the  oxidation  was  readily  and  perfectly  accomplished: 

C:NOH  CH.NH  CO 

c6h4<>co  c6h4<>co  c#h4  c.oh 

NH  NH  N 


Isonitrosooxindol.  Amidooxindol.  Isatine. 

The  slight  yield  by  the  old  process  for  bringing  about  the 
last  stage  of  the  operation  was  later2  improved  and  the  nature 
of  the  reaction  more  fully  explained  by  the  use  of  phosphorus 
pentachlonde.  Hereby  isatine  chloride, 


1.  Ibid:  Synthese  d.  Oxindola ,  Bit.  d.  deutseh.  chein.  Ges.,  7  7,  '>84. 

2.  Ber.  d.  deutseh.  chem.  Ges.  3,  514. 

3.  Ber.  d  deutseh.  cliem.  Ges.  11,  12%;  and  12.  4'><». 
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CO 

CfiH4<-C.Cl 
6  ■* 

IS 

is  formed  and  by  reduction  (F,  Zn-j-HCl,  etc.)  transformed 
into  indigo. 

CO  CO 

c6h4<>c=c<>c6h4 

NH  NH 

“Thereby  for  the  first  time  a  synthesis  of  indigo  from  coal-tar 

has  been  effected.’' 1  It  dates  from  the  year  1878. 

«/ 

Following  shortly,  in  1880,  upon  the  0-amidophenylacetic 
acid  synthesis,  came  the  famous  investigations  starting  with 
o-nitrocinnamic  acid.  They  brought  to  light  a  series  of  most 
peculiar  and  astonishing  substances,  the  study  of  which  in  the 
main  definitely  made  plain  the  constitution  of  indigo. 

<?-Nitrocinnamie  acid, 

^CH:CH.CO,H 

C«H*^NO 

by  addition  of  bromine  is  converted  into  o-nitrodibromcinnamic 
acid, 

j  / 


1 


By  alkali  in  the  cold,  the  bromine  may  be  removed  in  the  form 

t /  j  i/ 

of  alkali  bromide  leaving, 


C— C.COOH 


<?-nitrophenylpropiolic  acid.  This  with  dilute  alkali  and  mild 
reducing  agents,  such  as  milk-sugar,  grape-sugar  and  xanthates, 
produces  indigo. 

'With  hypochlorites  in  alkaline  solution,  <?-nitrocinnamic 
acid  further  yields  o-nitrophenylchlorlactic  acid, 


1.  Ber.  d.  deutsch.  chem.  Ges.,  11.  12J8. 
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CH.OH.CH.Cl.C0.il 


2 


NO 


Alcoholic  solution  of  alkali  extracts  one  molecule  of  hydro- 
chloric  acid  and  0-nitrophenyloxacrylic  acid, 


C.OH:CII.COtH 


results.  Heating  at  100°  in  the  presence  of  a  solvent,  such  as 
acetic  acid  or  phenol,  completes  the  conversion  into  indigo. 
The  yield  of  the  latter  form  of  the  o-nitrocinnamic  acid  process 
is  slight,  while  the  liist  mentioned  amounts  to  70  per  cent,  of 
the  theoretical.1 

Baever  and  Drewsen  in  1SS2  published  the  discovery  by 
them  of  the  formation  of  indigo  from  o-nitrobenzaldehyde 
and  acetone.  This  at  that  time  unaccountable  process  was  fully 
investigated  by  its  discoverers.  By  it  indigo  is  formed  when 
a  mixture  of  the  aldehyde  and  acetone,  acetaldehyde,  or 
phenvlglyoxylic  acid  is  warmed  in  the  presence  of  alkali. 

The  technical  starting-point  for  the  preparation  of  indigo 
by  this  method  is  toluene;  this  hydrocarbon  is  nitrated,  pro¬ 
ducing  as  a  main  product  the  o-nitroderivative.  This  is  chlor¬ 
inated  in  the  methyl-group,  a  reaction  which  is  only  possible  to 
the  extent  of  about  50  per  cent,  without  introducing  chlorine 
into  the  benzene-ring  also.  The  separating  of  the  0-nitroben- 
z}dchloride  formed,  from  unaffected  nitrotoluene,  is  accom¬ 
plished  by  the  action  of  aniline  upon  the  mixture,  producing 
0-nitrobenzylaniline, 


Bv  oxidation  0-nitrobenzylkleneaniline  is  formed. 


1.  Reissert:  Indigosynthesen,  7. 
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Boiling  with  hydrochloric  acid  converts  the  substance  into  the 
aldehyde  sought  and  aniline  hydrochloride. 

The  transformations  involved  in  the  conversion  of  e>-nitro- 
phenylpropiolic  acid  into  indigo  are  of  somewhat  complicated 
nature.  Their  explanation  is  based  upon  certain  experiment¬ 
ally  derived  facts,  and  assumptions  from  analogy.  Baeyer1 
observed  that  phenylpropiolic  ethylester  by  the  action  of 
slightly  diluted  sulphuric  acid  is  converted  into  benzoylacetic 
ester : 


C6H5.C:  C.C02.C2H.+H,0(H,S0J  = 

Phenylpropiolic  ethylester. 


C  H  .CO.CHvCO,.C  H 

fi  a  2  2  2  a 

Benzoylacetic  ethylester. 


It  is  also  a  general  observation  that  nitro-groups  united  to 
the  benzene-ring  are  deprived  partially  or  even  wholty,  without 
the  use  of  reducing  agents,  of  oxygen  by  mobile  (easily  oxi- 
dizable)  hydrogen  atoms  held  by  carbon  attached  to  the  ben¬ 
zene-ring  in  ^-position  to  the  nitro-group.  Moreover  it  is 
known  that  carbonyl-groups  (  =  CO)  of  aldehyde  or  ketone 
nature  react  with  phenylhydroxylamine,  cause  water  to  sepa¬ 
rate,  and  form  compounds  which  contain  the  combination  of 
atoms, 

C  H  — X— C< 

b  o 

cT 


With  these  facts  in  mind,  analogous  transformations  may 
mav  be  readily  recognized  as  possible  in  the  case  of  o -intro- 

phenylpropiolic  ethylester : 


c=c.co2.c2h. 

s  '  '  "  +H,0(H2S()1)= 

no2  , 

CO.CH,.CO,.C„H. 

2  2  2  o 

C„Ht<  , 

no2 


In  the  (9-nitrobenzovlacetic  ethylester  thus  formed,  intramo- 

« j  %•  j 


1.  Ber.  d.  deutsch.  chem.  Ges..  15,  2705;  further  in  same  connection  compare  Reissert: 
Indigosynthesen,  19— 23.  and  the  literature  there  referred  to. 
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lecular  reduction  produces  0-hydroxylaminobenzoyloxalic 
ethy  tester, 

v  / 


c.n.< 


CO.  CO.  CO„.  CJI. 

—  4  0 

NHOIi 


which  becomes  by  anhydrization, 

CO 


j 


) 


C.H, 


C.CO,CH,  , 

2  2a 


N-0 


isatogenic  ethylester.  As  to  dinitrodiphenyldiacetylene, 


C^C— C^C 

C.H  ,  ,  \CH  , 

NO.,  ON 

which  contains  the  characteristic  group  of  o-nitrophenylpro- 
piolic  acid  twice,  it  is  at  once  seen  how  diisatogen, 

CO  CO 

C„H4(>C-c/>C,Ht  , 

I  I 

N-0  0-N 


may  be  derived.  By  comparison  of  its  formula  with  that  of 
indigo,  it  is  apparent  that  the  latter  is  produced  by  the  re¬ 
moval  from  diisatogen  of  two  atoms  of  oxvgen  and  the  addi- 
tion  of  two  atoms  of  hydrogen,  in  other  words,  by  reduction. 
This  relationship  is  in  perfect  accord  with  the  actual  observa¬ 
tion. 

In  the  case  of  the  o-nitrobenzaldehyde  synthesis, 


CHO 

C,II4<.,  +ti.ch2.co.ci  I3  , 

xoa 

o-Nitrobenzaldehyde.  Acetone. 

0-nitropnenyl lactic  ketone, 


ciioii.cn.co.cn.  , 

C.II  < 
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is  formed  as  a  first  phase  of  the  reaction,  and  is  transformed, 
by  internal  redaction  of  the  nitro-group,  to 


CHOH.  CO.  CO.  CH 


CJI4<  , 


NIIOI1 

The  alkali  added  to  the  original  mixture  separates  acetyl 
( — CO.CII.,)  as  acetate.  This  and  anhydrization  produce 

CHOH 


C.H/  X'H 


N-0 

which  may  he  conceived  as  changing,  by  the  migration  of  an 
hydrogen  atom,  to 

CHOH 


c6h4\  ^co 

NH 


The  splitting  off  of  two  molecules  of  water  from  two  mole¬ 
cules  of  such  a  combination  would  result  in  the  formation  of 
indigo. 

With  the  last  named  synthesis,  the  following  shares  the 
greatest  technical  importance;1  it  is  the 


HEUMANN  SYNTHESIS. 

In  its  most  recent  form,  it  consists  in  the  preparation  of 

"of  indoxylic  acid , 

COH 

CH  <>C.CO,H, 

NH 

which  is  readily  converted  into  indigo,  by  alkal  ne  fusion  of 
phenylglycine-tf-carboxylic  acid: 

C02H  COH 

C6II4<2  '  =H,0+C<H4OC.CO,H. 

nh.ch,co2h  nh 


1.  Friedla'ieder:  Fortschritte  d.  Theerfarbenfabrikation,  IV,  1027. 
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The  original  raw  material  for  the  process  is  naphthalene 
from  which,  by  the  action  of  concentrated  sulphuric  acid  at 
high  temperatures,  phthalic  anhydride, 

C.H.<CO>0’ 
is  obtained.  From  this,  phthalimide, 

CO 

c.H.<co>NH  > 

is  prepared  by  means  of  ammonia  gas.  Phthalimide  in  alka¬ 
line  solution  is  converted  by  sodium  hypochlorite  into  an- 
thranilic  acid  : 

CO 

C6H4<  >NH+NaOCl+3  Na  O  II 
CO 

£02Na 

iNaCl  -f  Na2C03 + H20 -f- C.H  <  2 

NH2 

Sodium  anthranilate. 

AVith  monochloracetic  acid,  phenylglycine-o-carboxylic  acid  is 
formed  : 

co2h  co2h 

CcH  <  2  ~  +C1.  CH0.  C02H=HCl-hC6H4<  2 

mi,  '  nh.ch2.co2h 


II.  The  Constitution  of  Indigo. 

The  leading  motive  of  the  classic  investigations  of  Baeyer 
in  the  indigo  series  was  the  desire  to  establish  uthe  place  of 
each  atom  in  the  indigo  molecule  experimentally”  1  and  the 
relation  of  all  bodies  of  the  group  to  indol, 

CH 

C  II  CII 

8  4\  / 

NH  , 

as  generatrix.2 


1.  Baeyer:  Ueber  d.  Verb.  d.  Indigoreihe,  Ber.  d.  deutsch.  cliem.  Ges.  1(>,  'J188. 
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It  was  by  no  mere  chance  that  the  formation  of  indigo 
from  0-nitrocinnamic  acid  was  discovered,  but  by  a  deliberately 
formed  conclusion  drawn  from  the  facts  observed  in  studying 
the  linking  of  the  nitrogen  atom  of  an  amido-group  of  a  ben- 

CO  c  1 

zene-ring,  in  ortho-position  to  a  chain  of  two  or  more  carbon 
atoms,  thus: 


\ 


2 

C- 


-C— C- 


C  H 

6  4 


/ 


NH 


It  was  thereby  and  in  the  synthesis  of  bodies  of  the  indigo 
group1  found  that  the  nitrogen  of  the  amido-group  unites  with 
the.  second  or  third  carbon  atom  of  the  chain  but  not,  it  seems,  - 
with  those  more  distant.  The  formation  of  such  rings  is  not 
dependent  upon  the  presence  of  the  carboxyl-group.  Thus  a 

substance  resembling  quinoline, 

CH 

x  CH 

C„H 


.N 


/CH 


is  formed  when  the  third  carbon  atom  is  present  in  ketone-form 
as  in  phenylethylmethyl  ketone, 

C.I T.  CH,CH,  CO.CH,, 

and  it  may  be  said  in  advance  with  great  probability  of  correct¬ 
ness  that  whenever  the  second  or  third  carbon  atom  is  present 
as  an  alcohol,  aldehyde  or  ketone-group,  an  inner  anhydride 
will  result,  which  belongs  either  to  the  indol  or  quinoline  series. 
It  was  then  further  observed  that  the  methylketone  of  0-amido- 
phenyl  acetic  acid, 


C.H, 


; 


OH,.  CO.CH, 


Nil 


1.  Throughout,  the  original  discussion  of  the  subject.  as  found  in  the  literature  lo 
which  reference  has  been  or  will  be  made,  is  here  or  will  be  in  other  similar  instances 
closely  followed. 
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produces  a  substance, 


Cl! 


c.h4 


C.CH 


N 


3’ 


of  the  composition  of  a  methylindol.  If  a  ketone  shows  this 
reaction,  it  is  to  be  expected  that  the  corresponding  aldehyde, 


CH..COH 


/c 


would  give  a  body, 


C.H.  , 
NH„ 


CH 


C.H.= 


iCH , 


X 


isomeric  with  indol. 


CH 

c  H  <r^  CH 


6  4 


N  H 


For  this  purpose,  exactly  as  in  the  unnitrated  body,  it  would 
be  necessary  to  prepare  the  aldehyde  by  means  of  0-nitro- 
phenyloxacrylic  acid, 

C(OH):CH.CO>II 

CH 


6  4 


NO. 


This  led  then  to  the  conviction  that  in  o-nitrocinnamic  acid, 


CH:CH.C02H 
NO, 

a  better  starting-point  for  the  preparation  of  indigo,  isatine 
and  indol  would  be  found  than  in  0-amidophenylacetic  acid, 


despite  the  loss  suffered  by  the  splitting  off  of  carbonic  anhy¬ 
dride.  1 

1.  Baeyer:  Ueber  d.  Bezieh.  d.  Zimmtsaeure  zu  d.  Indigogruppt.  Ber.  cl.  deutsch.*  chcm. 
Ges.  13,  2 254. 
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A  series  of  most  remarkable  substances  was  developed — 
o-nitrophenylpropiolic  acid,  isatogenic  acid,  indoxylic  acid, 
indoxyl  and  derivatives,  indoxanthinic  acid,  dinitrodiphenyl- 
diacetylene,  diisatogen — and  gave  up  under  the  persistent  and 
skillful  inquisition  and  acute  perception  of  their  discoverer  the 
secret  of  the  constitution  of  indigo. 

The  way  through  <9-nitrophenylpropiolic,  isatogenic,  and 
indoxylic  acids  to  indoxyl  gave  important  insight  into  the  ques¬ 
tion.  Indoxyl  warmed  with  <9-nitrophenylpropiolic  acid  in 
alkaline  solution  yields  indigo.  Indoxyl,  which  is  derived 
from  o-nitrophenylpropiolic  acid,  appears  therefore  possibly  in 
the  part  of  an  intermediate  product  in  the  formation  of  the 
coloring  matter  which  it  produces  when  oxidized.  Indigo, 
however,  it  was  argued,1  is  of  much  more  complicated  nature 
than  indoxyl,  giving,  for  instance,  upon  reduction  substances 
of  the  character  of  complicated  hydrocarbons.  It  is  therefore 
more  probable  that,  in  the  formation  of  indigo  from  indoxyl, 
a  carbon  condensation  between  two  molecules  of  the  latter  takes 
place.  The  constitution  of  indoxyl,  as  then  regarded  by 
Baeyer,  was  represented  by  the  following  formula: 


C.H4 


COH 

CII 


K 


To  obtain  indigo,  by  condensation  through  the  medium  of  ox¬ 
idation,  from  indoxyl,  the  union  must  take  place  at  the  second 
carbon  atom  from  the  benzene-ring,  since  the  first  carbon  binds 
merely  an  hydroxyl-group.  The  hydrocarbon  corresponding 
to  such  a  union,  Baeyer  concluded,  would  be 

(ih;c=c— c=c.  ch, 

60  6  O'' 

that  is,  Glaser’s  diacetenylphenyl.  To  test  this  view,  first  the 
o-nitro-compound  of  the  substance  must  be  prepared.  Direct 
nitration  does  not  produce  the  desired  result.  o-Xitrophenyl- 
acetylene  was  therefore  chosen  as  synthetic  material.  Numer- 


1.  Baeyer:  I.  Ueber  d.  Verb.  d.  Indigogruppe,  Ber.  d.  deutsch.  chem.  Ges.  14,  1741. 
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ous  ineffectual  attempts  to  unite  two  molecules  of  the  mono- 
acetylene  compound, 


to  one  molecule  of  dinitrodiphenyldiacetylene, 


1  i 


C  (  — c  c 


were  made.  This,  notwithstanding,  was  finally  accomplished 
by  oxidation  of  the  copper  compound  by  alkaline  solution  of 
potassium  ferricyanide.  According  to  the  mode  of  formation, 
it  would  be  constituted  as  shown  by  the  formula  just  given. 
The  double  occurrence  in  this  combination  of  atoms  of  the 
group, 


C  H  /  CT  (' 
r  *\NO„ 


which  makes  its  appearance  in  the  formula  of  o-nitrophenyl- 
propiolic  acid  once,  naturally  suggested  the  probability  of  the 


formation  of  c/dsatogen  by  the  action  of  concentrated  sulphuric 
acid  in  analogy  with  the  formation  of  isatogen  from  0-nitro- 
phenylpropiolic  acid  under  the  influence  of  the  same  re-agent. 
This  actually  proved  to  be  the  case.  In  the  words  of  Baeyer  : 
‘‘This  substance  claims  great  interest  as  being:  of  all  artificially 
prepared  substances  the  one  which  stands  nearest  to  indigo  and 
is  most  readily  converted  into  the  coloring  matter.  ’  ’  Simply 
moistened  with  ammonium  hydrosulphide,  it  is  immediately 
transformed  into  indigo,  and  that  quantitatively.  The  process 
is  further  a  direct  one,  the  substance  instantly  becoming  blue 
upon  contact  with  reducing  agents  without  dissolving  and 
without  change  of  form.  From  the  formation  of  indigo  from 


0-nitrophenylacetylene,  it  appears,  therefore,  that  the  produc¬ 
tion  from  indoxyl  is  a  double  transformation  consisting:,  first, 
in  that  the  second  carbon  atoms  (from  the  benzene-ring)  of  two 
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molecules  undergo  a  condensation  with  the  elimination  of  two 
atoms  of  hydrogen,  and,  in  the  second  place,  the  body  thus 
formed  is  converted  into  indigo  by  further  oxidation.  The  ex¬ 
istence  in  the  indigo  molecule  of  the  atomic  grouping, 


c6h4 


c— c— C- 


N 


i 

-C 


2 

N 


c6h4 


was  thus  experimentally  established  wonderfully  confirming 
Baeyer’s  deductions  based  upon  the  relation  of  indoxyl  to  indigo 
and  the  complicated  structure  of  the  latter.  On  account  of  the 
intrinsic  interest  of  the  subject  and  intimate  relation  of  the 
compound  to  indigo,  it  will  be  in  place  to  consider  further  the 
observations  which  have  led  to  a  knowledge  of  the  constitution 
of  isatogen.1  It  was  found  that  when  isatogenic  ethylester  is 
reduced  in  aqueous  solution  with  ferrous  salts,  that  an  ester, 
C  H  NO  ,  is  produced.  This  same  substance  is  obtained  by 
the  gentle  and  cautious  oxidation  of  indoxylic  ethylester.  The 
new  substance,  indoxanthinic  ethylester,  is  converted  by  more 
vigorous  oxidizers,  suchas  chromic  acid,  into  ethvloxalvl- 
anthranilic  acid, 


CO  H 


CA 


NH.  CO.  CO,.  OH., 

2  2  o7 

and  is  moreover  readily  reconverted  by  reduction  into  indoxylic 
ethylester, C  H  NOa,  which  differ  thus  from  indoxanthinic  ethyl¬ 
ester  by  one  atom  oxygen.  The  action  of  nitrous  acid  upon  the 
latter  produces  a  nitrosamine,  an  evidence  of  the  presence  in 
the  molecule  of  the  imido-group.  Assuming  for  indoxylic 
ethylester  the  constitution, 

COH 

C6H1OC.C02C2H„ 

ISH 

and  in  view  of  its  close  relationship  to  this  compound,  the  form- 


1.  Baeyer:  II.  XJeber  d.  Verb.  d.  Indigograppe,  Ber.  d.  deutsch.  chem.  Ges.,  lo,  775. 
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ation  of  a  nitrosamine  and  the  oxidation  to  ethyloxalylanthra- 
nilic  acid,  the  formula  of  indoxanthinic  ethylester  would  be 

7  %/ 


C  II 


CO 

nc.coc„h. 


NH  OH 


As  already  stated,  the  ester  is  derived  by  exceedingly  cautious 
reduction  of  isatogenic  ethylester.  Representing  this  body  by 
the  formula  CO. 


C.CO„C,H 

\/ 

N-0 


the  transition  to  indoxanthinic  ethylester  is  simply  and  per¬ 
fectly  explained:  the  bond  between  the  oxygen  and  nitrogen 
atom  is  dissolved,  and,  by  the  addition  of  two  atoms  of  hydro¬ 
gen,  the  oxvgen  is  changed  to  hydroxyl  and  the  nitrogen  to 
the  imido-group  as  readily  seen  to  be  possible  by  a  comparison 
of  the  formulas.  The  characterizing  supposition  is  that  of 
the  existence  of  the  atomic  complex, 


— N — C= 

O 


in  the  isatogen  molecule.  This  is  further  in  perfect  accord 
with  the  fact  that  by  the  action  of  alkali  tf^benzoic1  acid  is 
formed: 

CO  CO 


/ 


C.H,  C.COAHs+C,H,.CO,.C  C.H, +411,0  (alkali)  = 

N-d)  O-N 

con  iioc 


CO  H  / 
2C.H.OI1+2  1  +C,II  ' 

2  6  CO..H  6  4\  N 

Azobenzaldehyde. 


-CH 
N  / 


Under  the  influence  of  alkali,  the  aldehyde  (two  mols.)  be¬ 
comes,  according  to  a  general  reaction,  azobenzylalcohol, 


P  Tt  / CH.,011  HO.H  C\p  tt 
Cen,\  ,N  /C.H, 


and 


1.  The  reactions  are  not  given  in  detail  in  the  original. 
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azobenzoic  acid, 


..  /CO..H  HO  C\ 

Lli4\  N, - .N  / 


J 


bv  the  addition  of  two  molecules  of  water.  In  a  similar  man- 
ner,  from  indoxanthinic  ethylester,  cwi/cfobenzoic  acid  is  pro¬ 
duced: 

CO 

C,Ht/)c.CO,C,H,  +  2H02  (alkali)  = 

NH  OH 


COH  C02H 

C6H4  2  +  |  +  C.H.OH  , 

nh2  co2h 

with  the  intermediate  formation  thus  of  <9-amidobenzaldehyde. 
This,  as  before,  yields  a  corresponding  acid  and  alcohol: 


/CHO 

2C6H4  ,  +  H20  (alkali)  =  C,H4( 

■NH, 

'  o-Amidobenzoic  acid.  o-Amidobenzylalcohol 


CO,H  /CH2OH 

2  ~  +  C.H  2 

\nh2 


NH, 


To  cZZisatogen  should  therefore  be  ascribed  the  formula, 


CO 


CO 


CH/  >  C — C 


6  4\/  i  i 

N-0  O-N 


c6h4 


Of  the  remaining1  atoms  of  the  indigo  molecule,  two  each 
of  hydrogen  and  oxygen,  and  the  question  as  to  the  former's 
combination  with  nitrogen  still  require  consideration  and  dis¬ 
position.  They  have  been  fixed  in  their  relationships  to  the 
others  by  researches  which  discovered  the  constitution  of  in- 
doxylic  acid  and  its  derivatives.  Of  the  latter  the  oximes  or 
isonitroso-compounds,  and  of  isatine  as  well,  are  of  first  im¬ 
portance.  The  study  of  the  reactions  of  indoxyl  with  the  alde¬ 
hydes  and  ketone  acids,  with  isatine  and  ethylpseudoisatine 
threw  additional  light  upon  the  subject,  and  incidentally  dis¬ 
covered  the  chromophoric  group  of  indigo;  they  furthermore 
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strongly  corroberated  the  ev  idence  adduced  bv  the  investiga- 
tion  of  the  nitrous  acid  derivatives  of  indoxyl  and  isatine. 

If  in  indoxylic  acid  (ester),  which  is  transformed  by  gentle 
oxidation  into  indigo,  the  position  of  the  oxygen  be  established 
and  the  question  as  to  the  existence  of  the  imido-group  in  its 
molecule  be  answered,  the  positions  of  the  extra-benzene  hy¬ 
drogens  and  the  two  oxygen  atoms  in  indigo  are  likewise  as 
definitely  determined.  The  constitution  of  indoxylic  acid 
(ester)  as  assumed  by  Baeyer  immediately  after  his  earlier  in¬ 
vestigation  of  the  subject  was 

COH 


C6II4<l>CH.CO.JI 

N 


It  will  be  recalled  that  the  acid  was  formed  from 
indoxjdic  ethylester  which  in  turn  was  obtained  by  reduction 
of  isatogenic  ethylester.  As  already  pointed  out  in  another 
connection,  indoxylic  ethylester  becomes  by  gentle  oxidation 
indoxanthinic  ethylester.  In  consideration  of  all  pertinent 
circumstances,  the  formula  of  this  substance  can  only  be 

CO 


c8h( 


NH 


C(OH).CO,C,H, 


The  presence  of  the  imido-group,  which  is  an  essential 
feature,  is  demonstrated  by  the  formation  of  a  nitrosamine. 
Reduction  of  indoxanthinic  ester  forms  indoxylic  ester  in 
which  the  presence  of  the  imido-group  must  likewise  be 
assumed,  it  being  highly  improbable  that  in  the  reduction  the 
imido-hydrogen  of  the  indoxanthinic  ester  should  be  removed1. 
The  formula  of  indoxylic  ester  should  therefore  be 

con 

OO.CO,C,H, 

NH 

and  not  as  first  published.  The  presence  of  the  imido-groups 
and  a  corresponding  position  of  the  oxygen  atoms  in  indigo 
may  be  presumed  with  a  like  degree  of  certainty. 

1.  Baeyer:  II.  Uberd.  Vetbindungen  d.  Indigogruppe,  I'.;  Ber.  cl.  deutsch.  chem 
Ges.  15,  775. 
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In  his  extended  research  upon  the  nitrous  acid  derivatives 
of  indoxyl  and  isatine,  Baeyer  found  that  these  bodies  react 
according  to  two  formulas,  those  representing  them  in  the  free 
state,  and  other  isomeric  combinations  designated  pseudo-forms 
and  corresponding  to  certain  derivatives  conceived  as  generated 
from  the  first  by  the  migration  of  an  hydrogen  atom.  The 
pseudoforms  exist  only  as  derivatives.  The  formulas  below 
will  explain  the  distinction  : 

CoH/viwCII>  C.H'^CH, 


\  nh  / 

Indoxyl. 


\NH 

Pseudoindoxyl. 


X(X  OH, 


Isatine. 


c.h.\kh/c0 

Pseudoisatine. 

Among  the  derivatives  of  these  combinations,  isonitrosopseu- 
doindoxyl  or  pseudoisaiine-a-oxime, 

CA  nh)C:N0H 

is  of  great  interest  from  its  still  more  direct  bearing  upon  the 
question  of  the  position  of  the  oxygen  atoms  and  the  existence 
of  the  imido-groups.  The  compound  is  produced  by  the  action 
of  nitrous  acid  upon  ethylindoxylic  acid, 

C(O.C2H5W 


c6h4 


NH 


C.C02H+N02H= 


CO, +0,11,011+0,11/™  C:NOH. 


Water  may  be  regarded  as  being  added,  forming 
C.H. /C(°H)(°- r2H5)  CH. CO,H. 


Nil 


/ 


The  splitting  off  of  alcohol  and  carbonic  anhydride  would  leave 


pn  / c°  \rTT 


which  with  nitrous  acid  gives  the  isonitroso-compound.  That 
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a  body  of  the  given  composition  (I.)  and  not  of  two  other 
possible  configurations  results, 

QH  ^  COIHc  \tq  or  n  \  n  H 

Nil  /UJNUo1  ** \NH /C\NO  , 

ii  in. 

was  demonstrated  by  the  behavior  of  the  ethylation  product 
obtained  by  the  use  of  one  molecule  of  ethyliodide  and  sodium 
alcoholate.  In  the  first  place,  the  derivative  by  reduction  and 

subsequent  oxidation  yields  isatine  and  not  ethyl(pseudo)isatine, 

CO 

C,H  <>CO  , 

n.c2h5 

showing  thus  the  ethyl-group  not  to  have  substituted  hydrogen 
in  the  imido-group,  but,  if  formula  I.  be  correct,  in  the 
hydroxyl  of  the  isonitroso-group.  Formula  II.  would  require 
substitution  in  the  hydroxyl  and  a  compound  unstable  to  boil¬ 
ing  acid;  the  substance  on  the  contrary  resists  decomposition 
by  boiling  concentrated  hydrochloric  acid.  If  III.  be  assumed, 
the  ethylation  must  have  taken  place  on  the  carbon  atom  bind¬ 
ing  the  nitroso-group,  a  supposition  inconsistent  with  the  easy 
transformation,  by  the  successive  processes  of  reduction  and 
oxidation,  into  isatine.  Of  the  three  discussed  expressions  for 
the  substance, 

C,H,  ^)C.N(OC2H5) 

is  most  in  accord  with  its  behavior.  By  further  action  of  the 
sodium  alcoholate  and  ethyliodide  (one  mol.  each),  one1  more 
ethyl-group  was  introduced.  The  resulting  compound,  its  mode 
of  formation,  its  analysis,  its  resistance  to  alkalies  and  even 
boiling  acids  considered,  must  be  constituted  as  indicated  by 
the  formula  below  : 

CO 

C6H4<>C:N(O.C2H6) 

N.C.H. 


1.  Baeyer:  IV.  Ueber  d.  Verbindungen  d.  Itidiqoqruppe,  V;  Ber.  d.  deutsch  chem. 
Ges.  16,  2188. 
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This  compound,  ethylpseudoisatine-a-ethyloxime ,  was  con¬ 
verted  by  Baeyer  by  very  gentle  reduction  into  diethyl  indigo. 
Oxidation  of  this  compound  produces  ethylpseudoisatine. 

CO 

c6ll/">00 


N.C.H. 

2  5 

This  reaction  together  with  the  process  of  formation  furnishes 
indubitable  evidence  that  the  ethyl -groups  of  diethylindigo  * 
are  bound  by  nitrogen.  Confirmative  of  these  observations 
and  in  analogy  with  the  first,  pseudoisatine-a-oxime , 

CA\Sh)C;N0H 

by  the  same  agency  produces  indigo.  By  these  remarkable 
experiments,  the  existence  of  the  imido-groups  in  the  indigo 
molecule  was  established,  and  the  position  of  the  oxygen  atoms 
given  beyond  reasonable  doubt. 

As  confirming  the  conclusion  with  reference  to  the  dispo¬ 
sition  of  the  oxygen  atoms,  Baeyer  directs  attention  to  the  fact 
that  the  moderate  reduction  of  isatine  chloride, 

CO 

=:>c.ci 

N 


CH« 


and  ethylisatine, 


c.h, 


CO 


N 


C  (OCH  ), 


both  bodies  of  the  indigo-group,  which  contain  oxygen  com¬ 
bined  with  the  carbon  atom  next  to  the  benzene-ring,  and  only 
such,  produce  indigo. 

From  still  another  stand-point,  the  question  as  to  the  con¬ 
stitution  of  indigo  has  been  illuminated.  Baeyer  observed  that 
mixtures  of  aqueous  solutions  of  indoxyl  with  certain  alde¬ 
hydes  give  rise  to  stable  red  precipitates,  accompanied  by  the 
formation  of  one  molecule  of  water.  jp-Nitrobenzaldehyde,  to 
take  a  simple  instance,  undergoes  a  similar  reaction.  Indoxyl 
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and  nitrous  acid  likewise  produce  a  yellowish  red  precipitate, 
also  with  the  separation  of  one  molecule  of  water.  These 
phenomena,  it  was  concluded,  were  of  themselves  sufficient 
evidence  for  the  assumption  of  similarity  of  constitution.  The 
conclusion,  however,  became  unquestionable  when  it  was  dis¬ 
covered  that  both  (the  nitrous  acid  derivative  after  substitution 
of  the  hydrogen  of  the  oxime-group  by  ethyl)  form  with  sodium 
alcoholate  blue  salts  whose  solutions  in  chloroform  show  the 
sj)ect?'vm  of  indigo.  The  nitrous  acid  derivative  is  the  already 
discussed  pseudoisatine ■  a-  oxime, 

C»H‘\NH/C:N0H  ’ 

By  analogy  the  compound  from  j9-nitrobenzaldehyde  would  be 

CA(™)C:OLCA.NO,  . 

Such  bodies  Baeyer  denominated  indogenides ,  and  the  dyad 
atomic  complex 

contained  by  them  all,  indogen.  Its  substitution  in  place  of 
oxygen  in  the  simple  aldehydes  (acetaldehyde,  benzaldehyde), 
and  others  by  application  in  aqueous  solution  produces  yell  mo 
crystalline  unstable  substances.  When  derived  from  other 
more  complicated  aldehydes  (79-nitrobenzaldehyde,  terephthalic 
aldehyde),  and  also  benzaldehyde  (with  indoxyl  in  dry  condi¬ 
tion)  red  stable  precipitates  are  obtained.  With  ethyl pseudo- 
isatine ,  CO 

C.H.//CO 

N.OH. 

2  o 

an  indogenide  remarkably  resembling  indigo  in  properties  is 
formed.  Finally  the  synthesis  of  indigo  from  pseudoisatine-«- 
oxime,  whose  constitution  has  had  detailed  consideration,  dis¬ 
covers  indigo  itself  as  di indogen, 

P.  TJ /C  G\p  —  n/(  TT 


1 
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Throughout  these  reactions,  the  chromopboric  character 
of  indogen  is  fully  exhibited.  Colorific  properties  are  gener¬ 
ated  by  its  substition  in  intrinsically  colorless  substances,  and 
these  increasingly  as  the  complexity  of  the  substituted  com¬ 
pound  increases.  At  the  beginning  of  the  series,  there  is  the 
yellow  and  unstable  indogenide  from  acetaldehyde,  and,  in  its 
culmination,  the  exceedingly  stable  and  intensely  blue  indigo. 

Thus,  bv  cumulative  evidence  gathered  from  divergent 
lines  of  investigation  with  wonderful  skill,  the  pioposition 
around  which  these  unique  researches  center  is  left  upon  an 

• 

abundantly  substantiated  experimental  basis. 

III.  Synthetic  Indigo  in  Its  Relation  to  the 

Vegetable  Product. 

Vegetable  indigo  is  formed  as  a  glucoside  in  the  cells 
of  plants  of  the  genus  indig  of  era,  growing  in  India,  Africa 
and  Central  America,  in  general,  in  a  tropical  climate:  The 
Indian  crops  are  of  greatest  importance  both  in  point  of 
quality  and  quantity.  The  seed  of  the  plant  is  there  sown 
in  rudely  tilled  soil  and  harvested  after  a  few  months  just 
before  the  blooming  time.  Two  crops  are  grown  each  year. 
The  coloring  matter  is  secreted  mainly  bv  the  leaves.  To 
prepare  it,  the  green  plants  are  steeped  in  earthen  ware  or 
wooden  vats  in  water  and  allowed  to  ferment  during  9-15  hours 
according  to  the  temperature.  A  yellow  fluid  is  formed  and 
run  off  into  a  vat,  placed  conveniently  below  the  first.  It  is 
here  agitated,  to  facilitate  access  of  air  for  oxidation,  mechan¬ 
ically  or  by  hand.  The  fluid  soon  begins  to  change  color  to 
green  and  later  blue  with  the  gradual  separation  of  the  color¬ 
ing  matter  as  a  blue  precipitate.  After  clearing,  the  super¬ 
natant  fluid  is  removed  and  the  precipitate  transferred  to  a  third 
vessel  where  it  is  boiled  with  water  for  several  hours  to  still 
fermentation  and  to  some  extent  purify  it.  Collection  upon 
filter-cloths,  expressing  the  adhering  water,  forming  by  cutting 
into  cubes  or  lumps,  drying,  and  packing  complete  the  prepa¬ 
ration  for  the  market. 
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Vegetable  indigo  is  not  the  nearly  pure  substance  repre¬ 
sented  by  its  rival,  synthetic  indigo,  but  besides  contains 
indirubine,  indigo-brown,  glutinous  substance,  ash,  and  other 
impurities  derived  from  the  mode  of  preparation.  In  the 
adulterated  color,  chalk,  lime,  ashes  and  the  like  are  found. 
The  percentage  of  indigo  may  vary  from  20-90  per  cent. 

The  Indian  indigo  crop  for  each  year  from  1S79  to  the 
present  time  is  given  in  the  table1  below  : — 


Year.  Factory  Maonds. 

1879  .  73,128 

1880  . 136,200 

1S81 .  • . 135,405 

1882 . . . 150,278 

1S83 . * . 159,388 

1884  . 166,507 

1885  . 108,692 

1886  . 131,261 

1887  . 130,825 

1888  . 132,354 

1889  . 144,718 

1890  . 100,733 

1891  . 150,506 

1892  .  87,231 

1898 . 116,329 

1894  . 160,400 

1895  . 162,200 

1896  . 158,800 

1897  . 110,212 

1898  . 124,580 


The  yield  for  1S98  was  124:,  580  maunds  or  1 1,012,872 
lbs.,  in  value,  at  the  average  price3  of  64c.  for  that  year, 
nearly  $7,050,000.  Allowing  that  the  Indian  production  is 
five-eighths  of  the  total  and  that  of  other  growers  propor¬ 
tionally  good  at  the  price  given  the  value  of  the  total  yield  for 
1898  would  be  about  $11, 275,000s. 

1.  Amer  Wool  and  Cotton  Reporter ,  Oct.  12.  1809.  p.  1209.  By  the  courtesy  of  Messrs 
Kuttroff,  Pickhardt  it  Co.,  New  York,  my  attention  has  been  directed  to  this  and  other 
statistical  information  here  reproduced.  I  am  further  indebted  to  the  same  firm  for  samples 
of  artificial  indigo  used  in  illustration  of  the  lecture. 

2.  Journ.  Soc.  Dyers  and  Colorists  :  Indigo  Chart,  Oct.,  1898. 

3.  Otto  N.  Witt  (. Prometheus ,  xi,  371)  estimates  the  value  of  world’s  production  of 
indigo  at  §15,000,000. 
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In  competition  for  this  prize,  the  leading  representative  of 
Germany’s  chemical  industry,  the  great  Badische  Anilin-u. 
Sodafabrik,  has  entered  with  synthetic  indigo  by  processes 
described  or  modifications  of  them.  It  may  not  be  amiss,  par¬ 
ticularly  at  the  present  juncture  in  its  development,  to  pause  for 
a  moment’s  consideration  of  the  magnitude  of  this  industrial 
giant.1  Its  products  are  chiefly  the  coal-tar  colors  of  every 
class  embracing  the  aniline,  alizarine,  azo,  resorcine,  and 
gallic  acid  coloring  matters.  It  further  manufactures  every 
variety  of  auxiliary  and  intermediate  product  consumed  in  the 
above  preparations,  including  all  products  of  the  acid,  soda 
and  chlorine  industry.  It  was  founded  in  1865  and  is  now  situ- 
ated  in  Ludwigshafen  on  the  Rhine,  opposite  Mannheim,  one 
of  the  most  influential  commercial  centers  of  Southern  Ger¬ 
man}^  and  has  branch  works  in  France  and  Russia.  The  main 
concern  at  Ludwigshafen  employs  100  'scientifically  trained 
chemists,  30  engineers  and  a  commercial  and  accountant  force 
of  230  men.  In  1896,  including  overseers  and  laborers,  the 
employees  of  the  works  numbered  about  4800.  The  factories 
occupy  210  acres  of  which  60  acres  are  covered  by  buildings 
of  the  works,  and  492  dwellings  for  laborers  and  78  for  officials. 
Within  its  limits,  there  are  21  miles  of  railway.  The  con¬ 
sumption  of  coal  yearly  is  190,000  tons.  For  the  generation 
of  steam  for  the  heating  of  apparatus  and  running  190  steam- 
engines  of  6500  horse-power,  there  are  83  boilers.  The  water¬ 
works  of  the  establishment  provide  annually  2,640  million 
gallons  of  water,  an  ice  plant  supplies  over  13,000  tons  of  ice, 
and  the  gas-works  generate  nearly  340  million  cubic  feet  of 
gas.  For  electric  lighting,  there  are  four  dynamo-machines  of 
1,000  horse-power  supplying  current  for  6,400  incandescent 
lights  and  470  arc-lights.  There  are  nearly  three  acres  of 

O  O  v 

shops  for  repairs  of  every  description  and  the  construction  of 
special  apparatus. 

This  establishment  owns  the  principal  and  promising 


1.  The  data  are  from  1896. 
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patents  relating  to  artificial  indigo  and  intermediate  products 
required  in  its  preparation.  In  connection  with  investigators 
already  named,  it  has,  since  Baeyer’s  0-nitrocinnainic  acid  syn¬ 
thesis,  almost  incessantly  worked  upon  the  problem  of  render¬ 
ing  methods  discussed  practicable.  Experiments,  in  the  main, 
have  been  directed  toward  a  cheapening  of  the  necessary  mater¬ 
ials  and  intermediate  products.  After  a  period  of  twenty  years, 
difficulties  have  been  so  far  overcome  that  synthetic  indigo  is 
an  established  article  of  trade,  making  its  appearance  some¬ 
what  generally  first  in  1897.  Already  it  is  making  itself  felt 
by  a  material  reduction  in  the  price  of  indigo.  In  April,  1880, 
the  year  of  Baeyer’s  first  promising  synthesis,  medium  quality 
of  Bengal  indigo  sold  for  si.  87  per  pound;  in  December,  1898, 
one  year  after  the  introduction  of  synthetic  indigo,  at  87c. 
Good  medium  Kurpah  brought  90c  in  January,  1S90,  and  only 
6:2c  in  December,  1898,  in  the  London  market.  In  Septem¬ 
ber  of  last  year  the  synthetic  preparation  was  quoted  at  38c  in 
New  York.1 

When  Woehler  discovered  a  synthesis  for  urea,  nearly 
seventy-five  years  ago,  the  tilling  of  a  fertile  field  in  chemical 
research  was  begun.  One  by  one,  a  long  list  of  compounds, 
in  Woehler's  time  generally  regarded  as  exclusively  within  the 
creative  power  of  the  vital  force  resident  in  the  cells  of  vegetable 
and  animal  organisms,  has  become  a  proud  trophy  of  searching 
investigation. 

The  knowledge  acquired  by  these  triumphs  over  mystery 
as' connected  with  the  animal  organism  has  acted  with  beneti- 
cence  upon  the  development  of  higher  physiology  and  the  sci¬ 
ence  of  medicine.  By  the  synthesis  of  alizarine  and  indigo, 
the  vegetable  world  has  been  invaded  with  results  already 
prominently  presented  in  the  first  instance,  and  those  of  similar 
significance  are  now  confidently  regarded  as  fast  approaching  a 
brilliant  industrial  climax  for  synthetic  indigo. 


1.  Oil  Paint  and  Drag  Reporter,  Sept.,  1809. 
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Badisciie  Anilin  u.  Sodafabrik,  Ludwigsiiafen,  a.  Rhein. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two-hundred  and  fourth  regular  meeting  of  the 

o  o 

Engineers'  Society  of  Western  Pennsylvania  was  held  in  the 
Lecture  Room  of  the  Society's  House,  T10  Penn  Avenue, 
Pittsburg,  Pa.,  Tuesday  evening,  April  17th,  1900,  thirty-six 
members  and  visitors  being  present.  The  meeting  was  called 
to  order  at  S : 30  o'clock  by  the  President,  Mr.  W.  A.  Bole. 

The  minutes  of  the  preceding  meeting  were  read  and 
approved. 

For  the  Board  of  Direction,  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 


meeting. 

O 

CHARLES  H.  DAVIS, 

EDWIN  H.  HASLAM, 

The  following  gentlemen 

O  O 

ted  to  membership  : 

WM.  H.  BAILEY,  - 

GEORGE  J.  BRYEN, 

ARTHUR  B.  CAPEN, 

WILFRED  D.  CHESTER, 


Consulting  Engineer, 

99  Cedar  Street,  New  York  City. 

Superintendent, 

Pressed  Steel  Car  Co.,  McCandless 
Avenue  Works,  Allegheny,  Pa.;  417 
Denniston  Avenue,  East  End,  Pitts¬ 
burg,  Pa. 

were  balloted  for  and  duly  elec- 

Draughtsman, 

With  Thos.  Carlin’s  Son’s  Company, 
Allegheny,  Pa.;  Coraopolis,  Pa. 

Master  Mechanic, 

Duquesne  Blast  Furnace  and  Steel 
Works,  Duquesne,  Pa. 

Pittsburg  Agent 

Of  The  Babcock  &  Wilcox  Co.,  of 
New  York  ;  Hotel  Schenly,  Pitts¬ 
burg,  Pa. 

Salesman, 

With  the  Babcock  k  Wilcox  Co., 
235  McKee  Place,  Pittsburg,  Pa. 
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WM.  H.  LEDGER,  - 

- 

Engineer, 

Keystone  Bridge  Works,  Pittsburg, 
Pa. 

ALEX.  W.  PATTON, 

- 

Engineer, 

Pittsburg  Coal  Co-,  232  Fifth  Ave¬ 
nue,  Pittsburg,  Pa. 

For  the  Program  Committee,  Mr.  Albree  reported  that 
he  found  it  very  difficult  to  get  papers,  as  the  members  were 
all  too  busy  to  devote  the  time  required  to  write  a  paper. 

For  the  Library  Committee,  Mr.  Hirsch  reported  that  they 
had  added  a  Catalogue  Department  to  the  Library,  and  that 
the  members  would  find  on  file  the  latest  trade  catalogues  of 
the  most  prominent  manufacturers. 

The  Financial  Committee  reported  that  they  were  getting- 
out  a  circular  letter  asking1  for  contributions  to  the  new  House 
Fund,  and  they  trusted  the  members  would  act  promptly. 

The  death  of  Mr.  A.  P.  Tanner,  a  member,  was  brought 
to  the  attention  of  the  Society,  and  it  was  voted  that  the  Pres¬ 
ident  appoint  a  committee  to  draw  up  a  suitable  memorial  on 
his  death. 

Next  in  order  was  the  reading  of  the  paper  of  the  eve¬ 
ning  by  Mr.  J.  D.  Lvon,  entitled  “  The  Gas  Engine  in  Prac- 
tical  LTse.  *7 

It  was  voted  that  the  thanks  of  the  Society  be  tendered  to 
Mr.  Lyon  for  the  paper. 

On  motion,  the  Society  adjourned  at  9:40  P.  M. 

Reginald  A.  Fessenden, 

Secretary. 
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TIIE  GAS  ENGINE  IN  PRACTICAL  USE. 

BY  J.  D.  LYON. 

The  gas  engine  as  a  real  factor  in  the  production  of  power 
came  into  existence  less  than  thirty  years  ago,  when  the  genius 
of  Otto  applied  to  a  practical  machine  the  conditions  laid  down 
by  Beau  de  Rochas  fourteen  years  earlier. 

Earlier  attempts  to  transform  the  heat  energy  of  rapidly 
burning  gases  into  kinetic  energy  by  allowing  them  to  expand 
behind  a  piston  were  not  entire  failures,  but  as  is  now  well 
known,  compression  before  ignition  was  the  chief  novelty  in 
Otto's  engine  which  secured  its  success. 

The  cycle  of  Beau  de  Rochas  and  Otto  is  too  well  known 
to  require  a  detailed  description,  and  its  theory  has  been  very 
thoroughly  worked  out  in  the  works  of  Clerk,  Robinson,  Witz 
and  others. 

Early  compression  gas  engines  were  almost  exclusively  of 

the  “slide  valve”  type,  with  open  flame  ignition.  Figure  1 

illustrates  this  type  of  gas  engine.  The  improvements  made 

since  the  time  of  the  slide  valve  engine  have  been  very  marked, 

•/ 

but  the  principle  upon  which  the  latest  designs  operate  is 
exactly  the  same  as  that  of  the  first  compressing  engine. 

The  manufacture  of  the  gas  engine  was  commenced  in 
America  soon  after  the  Centennial  Exposition  in  1876,  where 
it  was  first  exhibited  in  this  country.  The  introduction  here 
was  much  more  difficult  than  in  Europe,  no  doubt  owing  to 
the  relatively  low  cost  of  coal  in  the  United  Suites.  Small 
sizes  only  were  constructed  at  first,  and  by  degrees  a  demand 
was  created  for  them  for  a  great  variety  of  uses. 

C  *> 

The  price  of  illuminating  gas  was  the  greatest  obstacle  in 
the  way  of  their  introduction,  being  in  many  cases  as  high  as 
$2.00  per  1,000  cubic  feet.  The  gas  consumption  of  a  slide 
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valve  gas  engine  of  15  horse  power  was  about  22  cubic  feet 
per  B.  H.  P.  hour,  exclusive  of  the  small  lighting  flame. 

The  efficiency  of  such  an  engine  would  thus  be  nearly  18 
per  cent,  if  the  gas  ignited  in  the  engine  is  alone  considered. 
This  is  much  higher  than  steam,  even  in  large  capacity,  but 
the  costs  of  equal  calorific  values  in  gas  and  coal  show  a  large 
balance  in  favor  of  the  coal. 

Several  thousands  of  these  engines  were  put  in  use  in  this 
country  before  their  final  abandonment  in  favor  of  the  poppet 

valve  engine,  the  largest  size  being,  I  believe,  about  25  horse 

power. 

These  engines  were  applied  to  almost  every  conceiva¬ 
ble  work  for  which  small  power  is  required,  but  in  such  work  as 
operating  printing  presses,  small  shops,  pumps  and  elevators, 
was  found  their  field  of  greatest  usefulness.  It  is  interesting 
to  note  that  even  in  this  stage  the  gas  engine  had  become  a 
factor  of  considerable  importance  in  many  industries,  although 
it  had  in  a  large  number  of  cases  replaced  hand  power  only. 

In  our  interest  in  the  results  obtained  with  large  gas 
engines  we  are  likelv  to  forget  the  greater  aggregate  value  of 

the  small  engines  now  scattered  over  the  country  in  great 
numbers. 

Some  time  ago  the  “Gas  World’'  published  the  following  : 
“It  is  said  that  the  distribution  of  2,323  gas  engines  throughout 
thirty-six  representative  German  cities  is  as  follows,  the  cities 
ranging  in  population  (IS90)  from  3,000  to  348,000,  with  an 


average  of  68,000  : 

Printing  and  Lithography . 14.4  per  cent. 

Pumping .  8.6  “ 

Textile .  7.9  “ 

Electric  Lighting .  7.6  “ 

Machine  Shops .  5.3  “ 

Joiners  and  Cabinet  Makers .  5.0  “ 

Butchers  and  Sausage  Makers .  5  0  “ 

Locksmiths .  4.2  “ 

Coffee  Roasters .  3.1  “ 

Cutlery .  2.9  “ 

Elevators . .  16  “ 
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“The  remaining  34.4  per  cent,  is  scattered  throughout  140 
more  industries.  This  would  seem  to  prove  that  the  gas 
engine  is  the  motor  of  small  industries  ;  but  it  must  be  borne 
in  mind  that  Germany  is  the  land  of  small  industries.” 

I  am  not  aware  of  the  date  upon  which  these  figures  were 
accurate,  but  I  should  say  that  an  investigation  of  an  equal 
number  of  installations  in  this  country  at  the  present  time  will 
show  quite  as  wide  a  range  of  work. 

Beasons  other  than  economy  of  fuel  frequently  lead  to 
the  use  of  the  gas  engine,  among  them  being  the  small  amount 
of  attendance  required  in  operating  it.  This  one  point  is 
mentioned  for  the  reason  that  while  it  has  been  responsible  for 
the  purchase  of  many  gas  engines,  an  exaggerated  value  placed 
upon  it  has  been  a  prolific  source  of  trouble. 

Lack  of  intelligent  attention  is  responsible  for  more 
unsatisfactory  gas  engines  than  all  other  causes  combined. 
Because  the  gas  engine  will  run  with  little  attention  it  seems 
unreasonable  to  some  owners  to  think  that  its  bearings  will 
cut  when  run  without  oil  for  only  a  half  hour  or  so,  or  that 
failure  to  turn  the  water  into  the  water  jacket  at  starting  should 
prove  disastrous. 

However,  some  real  knowledge  of  the  gas  engine  is  now 
to  be  found  among  the  engine  room  attendants,  and  troubles 
of  the  character  mentioned  are  becoming  fewer.  Further,  in 
justice  to  many  gas  engine  owners  it  is  well  to  say  that  they 
have  been  in  some  cases  misled,  unintentionally,  by  salesmen 
failing  to  impress  upon  them  the  importance  of  careful 
systematic  attendance. 

It  is  probable  that  the  origin  of  some  of  the  prejudices 
existing  against  the  gas  engine  to-day  can  be  traced  to  the 
peculiar  difficulties  encountered  in  the  use  of  the  slide  valve 
engine.  It  was  in  comparison  with  the  modern  poppet  valve, 
electric  igniter  engine,  both  sensitive  and  capricious,  although 
in  the  hands  of  a  man  who  understood  it,  the  results  obtained 
were  good.  Slide  valve  engines  never  proved  successful  to 
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any  extent  with  natural  gas.  That  they  were  good  engines 
however  is  proven  by  the  fact  that  many  are  still  in  operation 
on  illuminating  gas. 

With  the  introduction  of  the  poppet  valve  and  a  better 
form  of  igniter  the  compression  of  the  charge  of  gas  and  air 
was  greatly  increased,  the  result  being  higher  mean  effective 
pressures,  which,  combined  with  the  higher  speeds  made 
possible  by  the  change,  increased  the  power  obtained  from  a 
cylinder  of  given  size,  and  rendered  the  construction  of  larger 
engines  less  difficult.  The  consumption  of  fuel  was  also 
decreased,  and  at  the  same  time  the  use  of  new  and  cheaper 
fuels  became  a  possibility. 

The  principal  gas  engine  fuels  are  as  follows:  the  order  in 
which  they  are  named  indicating  in  my  opinion  their  relative 
importance  in  the  vicinity  of  Pittsburg:  (1)  Natural  gas. 
(2)  Blast  furnace  gas.  (3)  Producer  gas.  (4)  Illumi¬ 
nating  gas.  (5)  Gasoline. 

Natural  gas  being  of  high  calorific  value,  cheap  and  well 
distributed  becomes  an  almost  ideal  gas  engine  fuel,  and  one 
with  which  it  can  compete  against  the  steam  plant  even  when 
fuel  cost  aione  is  considered. 

With  natural  gas  of  about  1,000  B.  T.  U.  per  cubic  feet 
1  have  obtained  one  B.  H.  P.  hour  with  less  than  12  cubic  feet, 
on  test  with  a  20  horse  power  gas  engine.  As  this  gas  varies 
considerably  in  calorific  value,  it  is  not  safe  to  assume  that 
this  economy  can  be  expected  in  practice.  With  a  Junker’s 
calorimeter  1  have  found  a  variation  of  from  925  to  1137  B. 
T.  U.  per  cubic  feet  in  the  gas  in  Pittsburg  and  Allegheny. 
1,000  B.  T.  U.  per  cubic  feet  is  the  value  usually  assumed, 
and  it  is  reasonably  near  the  average.  Assuming  13  cubic 
feet  per  B.  H.  P.  hour,  the  engine  efficiency  shown  will  be 
very  little  under  20  per  cent. 

Nearly  all  gas  engines  in  the  vicinity  of  Pittsburg  are 
employing  natural  gas,  and  this  will  probably  continue  as  long 
as  the  supply  holds  out  and  prices  remain  reasonable. 
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In  the  list  of  gas  engine  fuel  blast  furnace  "as  is  ranked  as 
second  in  importance,  although  its  application  must  of  necessity 
be  limited  to  a  small  number  of  installations,  but  of  lar^e 
capacity.  It  will  be  readily  seen  that  the  gas  engine  using 
this  gas  could  never  assume  the  position  of  general  importance 
it  now  holds  with  natural  gas.  It  has  been  ranked  as  second 
because  of  the  probable  effect  in  the  future  upon  some  of  our 
largest  local  industries  which  are  centered  about  the  blast 
furnaces. 

I  do  not  know  of  any  gas  engine  installations  in  this 
country  as  yet  arranged  for  the  utilization  of  the  blast  furnace 
gases,  but  in  Europe  the  progress  has  been  so  great  that  it  can 
only  be  a  question  of  time  until  the  practice  has  extended  to 
this  country.  At  present  the  largest  gas  engines  in  the  world 
are  using  this  fuel. 

The  two  photographic  reproductions  Nos.  2  and  3  show 
the  types  of  engines  adopted  by  the  Gasmotorenfabrik-Deutz 
for  blast  furnace  gases.  This  concern  was  founded  by  the  late 
Dr.  Otto  himself  .and  it  has  always  held  a  leading  place  in  all 
gas  engine  development.  In  the  use  of  this  fuel  the  value  of 
compression  previous  to  ignition  is  well  illustrated,  as  the  gases 
containing  so  low  a  percentage  of  combustible  that  they  will 
hardly  burn  with  certainty  under  a  boiler  ignite  with  reliability 
in  the  cylinder  of  the  gas  engine,  when  compressed  to  say  110 
lbs.  per  square  cubic  inch. 

The  fear  that  the  fine  metallic  dust  carried  by  the  blast 
furnace  gas  would  prove  an  insurmountable  obstacle  in  the  way 
of  their  use,  has  not  proven  well  grounded.  Scrubbers  of  the 
simplest  character  eliminate  this  dust  to  such  a  degree  that  the 
small  amount  remaining,  passes  out  of  the  cylinder  harmlessly 
with  the  exhaust  gases.  In  one  instance  a  small  experimental 
engine  ran  16  hours  per  day  for  four  months  without  cleaning. 

Mr.  Wilhelm  Spiecker,  commercial  director  of  the  Gas- 
motorenfabrik-Deutz,  when  in  this  country  a  few  months  ago 
informed  me  that  the  most  careful  measurements  upon  blast 
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furnace  eras  engines  after  several  months  service  fail  to  show 
any  undue  or  exceptional  wear  upon  the  cylinders  or  pistons. 

That  this  new  branch  of  gas  engine  development  has 
passed  successfully  its  experimental  st;ige  is  evident  from  the 
rapidity  with  which  European  blast  furnace  managers  are 
placing  orders  for  large  sizes. 

The  company  just  mentioned  had  up  to  last  fall  booked 
orders  for  about  twelve  thousand  horse  power  in  addition  to  a 
number  of  plants  already  installed.  Among  the  largest  plants 
are  those  at  Oberhausen,  and  the  Duedelingen  Iron  Works, 
Luxemburg.  The  former  consists  of  one  600  horse  power 
and  t"'o  300  horse  power  units,  all  double  cylinder.  The 
latter  plant  consists  of  two  1000  horse  power  and  one  500 
horse  power  unit. 

The  largest  single  cylinder  gas  engine  ever  built  has  been 
in  operation  in  Belgium  since  last  September,  as  a  blowing 
engine.  The  cylinder  of  this  engine  is  51.1"  by  54.  1".  An 
excellent  description  of  this  engine  and  its  performance  will 
be  found  in  the  “  Engineer  of  recent  date. 

With  the  benefit  of  foreign  experience,  and  the  assurance 
given  by  precedent,  it  would  seem  that  great  strides  should  be 
made  in  this  most  economical  method  of  utilizing  that  portion 
of  the  blast  furnace  gases  devoted  to  the  production  of  power. 
Nearly  five  times  as  much  of  this  gas  tired  under  a  boiler  is 
required  to  produce  a  given  power  as  would  be  required  in  a 
gas  engine,  thus  leaving  after  the  performance  of  the  present 
work,  a  large  surplus  for  other  purposes.  By  electrical 
transmission,  this  power  may  be  conveniently  delivered  at  any 
desired  point  within  a  reasonable  distance  with  very  slight  loss. 

The  average  calorific  of  blast  furnace  gas  is  about  100  B. 
T.  V.  per  cubic  feet,  and  its  consumption  in  the  gas  engine 
varies  from  95  to  115  cubic  feet  per  B.  II.  P.  hour. 

Passing  on  to  the  next  fuel,  producer  gas,  I  will  say  that 
I  believe  this  is  to  be  to  a  great  extent  the  final  solution  of  the 
gas  engine  fuel  problem,  as  far  as  the  general  use  of  large 
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engines  is  concerned.  Already  several  plants  are  in  operation 
in  this  country  and  many  in  Europe  with  efficiencies  higher 
than  the  best  steam  plants. 

Seven  years  ago  a  test  by  Prof.  Spangler  (see  Journal  of 
the  Franklin  Institute,  May,  1S93)  showed  a  consumption  of 
1.3  lbs.  of  coal  per  B.  H.  P.  hour  in  a  producer  furnishing 
fuel  for  a  100  horse  power  “  Otto  ”  gas  engine.  This  result 
has  since  been  improved  upon  until  an  economy  of  a  little  over 
1  lb.  per  B.  H.  P.  has  been  attained.  Up  to  this  time  anthra¬ 
cite  coal  and  coke  are  the  only  fuels  available  in  the  producer 
for  gas  engine  service,  since  an  unwarranted  expense  is 
necessitated  to  produce  a  fixed  gas  from  bituminous  coal.  It 
is  probable  that  bituminous  producers  will  be  made  in  the 
future  at  a  cost  which  will  warrant  their  installation.  AY  hen 
such  a  time  arrives,  the  gas  engine  and  producer  will  be  pur¬ 
chased  exactly  as  the  steam  engine  and  boiler  of  the  present, 
but  with  the  assurance  of  far  higher  efficiency,  consequently 
lower  fuel  cost,  lower  cost  of  attendance,  and  greater  safety. 
One  pound  of  good  anthracite  coal  will  make  about  90  cubic 
feet  of  gas,  having  a  calorific  value  of  about  137  B.  T.  U.  per 
cubic  feet. 

Prominent  examples  of  the  use  of  gas  engines  with  pro¬ 
ducer  gas  are  the  Danbury,  Connecticut  300  horse  power,  and 
the  Erie  R.  R.,  Jersey  City,  425  horse  power  plants. 

_  0 

To  show  the  general  arrangement  of  a  producer  for  this 
purpose,  I  take  the  liberty  of  using  an  illustration  (Figure  4) 
from  the  catalogue  of  Messrs  R.  D.  AVood  &  Co.,  who  have 
furnished  the  producers  in  the  plants  mentioned. 

Illuminating  gas  comes  next  in  the  list  of  fuels,  and  as 
stated  before,  it  is  responsible  for  an  enormous  number  of 
small  engines  and  some  of  larger  capacity  scattered  over  the 
entire  civilized  world.  AVhile  neither  so  special  nor  so  local¬ 
ized  as  natural  gas,  illuminating  gas  for  fuel  requires  that  the 
user  reside  within  a  certain  distance  of  the  "as  main.  AYith 

O 

the  movement  to  reduce  the  price  of  fuel  and  power  gas, 
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illuminating  gas  becomes  more  interesting  as  a  possible  fuel 
for  large  engines. 

Cincinnati  has  bad  50  cent  gas  for  about  one  year,  and 
according  to  the  “  Gas  Engine,”  published  in  that  city,  many 
engines  previously  operated  with  gasoline  are  now  run  with 
gas,  some  350  horse  power  being  thus  effected. 

However,  with  gas  at  $1.00  per  thousand  cubic  feet,  the 
gas  engine  in  large  units  can  never  compete  with  steam  unless 
some  peculiar  local  conditions  render  steam  undesirable  at  any 
price. 

In  smaller  units,  the  case  is  different  owing  to  a  dispro¬ 
portionate  amount  of  skilled  attendance  required  by  the  steam 
plant,  and  to  a  gas  engine  characteristic  which  will  be  men¬ 
tioned  later,  namely  the  regulation  of  fuel  to  conform  with  the 
work  done.  Most  small  engine  users  have  only  intermittent 
use  for  their  machines  and  greatly  varying  loads,  both  of 
which  conditions  would  point  to  gas  as  the  most  desirable 
power,  and  probably  the  most  economical  even  in  fuel. 

Gasoline,  which  is  placed  last  in  importance  in  this  district 
favored  with  cheap  gas,  stands  easily  first  over  a  large  portion 
of  the  country.  Its  introduction  as  a  gas  engine  fuel  opened 
a  new  and  wide  field  for  the  engine  by  making  it  available 
beyond  the  limits  of  city  gas  mains.  Thousands  of  gasoline 
engines  are  in  use  upon  the  same  wide  variety  of  work  as 
the  gas  engine,  but  with  new  uses  added.  In  the  northwest 
small  gasoline  engines  are  used  by  hundreds  in  the  country 
grain  elevators,  and  are  popular  in  larger  sizes  in  flouring  mills 
and  small  water  works  for  towns  and  villages*  Several  rail- 
road  companies  have  begun  the  replacing  of  steam  tank  pump¬ 
ing  stations  with  gasoline  engines.  I  have  been  informed 
that  a  single  company  has  installed  35  from  one  manufacturer 
in  the  last  year. 

Small  gasoline  engines  also  find  favor  in  the  pumping  of 
mines.  It  is  plain  that  in  such  a  case  fuel  cost  is  not  the  point 
considered.  The  facts  that  they  can  be  placed  almost  anywhere 
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in  the  mine  and  do  not  require  constant  attendance,  are  greatly 
in  their  favor.  Some  astonishing  savings  are  occasionally 
effected  by  the  displacement  of  manual  labor  with  the  gasoline 
engine. 

The  total  operating  expenses  of  a  small  pumping  plant  in 
the  Oak  Station  mine  of  the  Pittsburg  &  Castle  Shannon  li.  R. 
Co.  for  eight  months,  show  a  rate  of  saving  which  amounts  to 
about  $1,100.00  per  year  on  an  investment  of  less  than  $S00.o0. 
In  this  case  a  horse  power  engine  and  directly  coupled  triplex 
pump  clears  the  mine  of  water  in  1J  hours  work  each  day. 
Two  men  at  $1.75  each  were  formerly  required  to  do  this 
work,  working  seven  days  in  the  week.  No  trouble  is 
experienced  with  installations  of  this  kind,  if  provision  is  made 
for  the  rapid  carrying  off  of  the  exhaust  gases  to  the  open  air, 
and  if  proper  precautions  are  taken  at  all  times  in  handling  the 
gasoline.  I  believe  the  limit  of  quantity  of  gasoline  allowed 
inside  a  mine  should  not  exceed  say  from  three  to  five  gallons, 
which  quantities  would  represent  about  24  and  40  B.  H.  P.  hours, 
respectively.  The  smaller  quantity  in  most  cases  of  clearing  a 
single  mine  in  this  vicinity  would  do  a  day’s  pumping. 

Assuming  the  fuel  consumption  of  the  gas  engine  at  the 
quantities  usually  estimated,  the  cost  of  one  B.  II.  P.  hour 
with  the  various  fuels  would  be  as  follows  : 

Natural  gas,  at  25c.  per  1,000  cubic  feet . 0.325c. 

Producer  gas,  1.3  lbs.  coal  at  $5.00  per  ton  . 0.325c. 

Illuminating  gas,  650  B.  T.  U.,  per  cubic  feet;  $1.00,  per 

1,000  cubic  feet .  1. 7c. 

Gasoline,  l  gal.  per  hour  at  12c .  1.5c. 

Steam,  5  lbs.  of  coal  per  B.  H.  P.  hour.  Coal  $1.10  per 

ton . 275c. 

This  comparison  showing  the  coal  to  be  cheaper  when  tired 
under  a  good  boiler  in  a  plant  of  fair  size  is  a  misleading  one 
when  the  actual  plant  in  operation  is  considered. 

If  it  were  possible  to  operate  gas  and  steam  engines  with 
the  fuels  named  at  the  prices  given,  and  at  a  condition  of 
constant  full  load,  the  comparative  results  would  be  represented 
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with  fair  accuracy.  Under  conditions  of  practice  in  which 
there  are  considerable  fluctations  in  loading  and  the  average 
load  is  considerably  below  the  maximum,  the  saving  of  fuel  by 
reason  of  the  lighter  load  will  be  very  small  in  the  steam 
engine. 

With  the  gas  engine  the  governor  acts  directly  upon  the 
fuel  supply  and  the  quantity  of  fuel  used  in  performing  an 
average  work  a  for  n  hours  will  approximates  in  which 

“ c  ”=fuel  consumed  per  I.  II.  P.  hour,  and  “  /”=  the  friction 
load  of  the  engine  (or,  I.  H.  P. — P.  H.  P.) 

This  is  probably  more  nearly  true  of  engines  governing 
upon  the  “hit  and  miss”  principle  than  in  any  other  type 
since  all  impulses  are  exactly  the  same  in  power,  and  the 
thermal  efficiency  is  the  same.  It  is  this  valuable  characteristic 
of  the  gas  engine  which  causes  operating  expenses  to  be  over, 
rather  than  under,  estimated  in  many  cases,  as  when  the  maxi¬ 
mum  load  is  known  it  naturally  forms  a  basis  of  calculation. 

Very  large  gas  engines  are  now  being  made  in  this  country, 
the  largest  of ''all  in  Pittsburg  at  the  well  known  Westinghouse 
works,  and  we  have  recently  become  accustomed  to  speak 
familiarly  of  gas  engine  units  and  plants  the  size  of  which  we 
should  have  considered  extremely  large  a  few  years  ago. 

The  installation  of  the  gas  engine  in  large  industrial  plants 
has  so  far  been  chiefly  auxiliary,  although  numerous  concerns 
using  as  much  as  100  to  150  horse  power  are  dependent  solely 
upon  it.  Among  the  first  large  concerns,  and  the  first  of  its  kind 
to  accept  the  gas  engine  as  the  most  satisfactory  solution  of  the 
power  problem,  is  the  Pennsylvania  Malleable  Co.,  of  this  city, 
m  their  new  works  at  McKees  Pocks. 

The  decision  in  favor  of  the  gas  engine  was  reached  after 
careful  consideration  of  the  power  needs  of  the  works  and  a 
searching  inquiry  into  results  obtained  from  gas  engines  upon 
a  large  variety  of  work.  The  prime  consideration  of  economy 
was  found  to  be  in  favor  of  the  gas  engine  ;  the  reliability  in  a 
properly  designed  plant  to  be  equal  to  steam,  while  convenience, 
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flexibility  and  low  cost  of  attendance  were  all  favorable  to  the 

gas  engine. 

©  © 


The  plant  when  finished  is  to  consist  of  twelve  engines  of 
60  horse  power  each.  The  first  installation  is  of  360  horse 
power,  240  horse  power  more  is  to  be  added  within  a  short 
time,  and  if  found  necessary  the  remaining  120  horse  power 
will  be  placed.  Figure  5  shows  approximately  the  type  of 
“  Otto  *’  engine  employed. 

The  engines  are  arranged  in  pairs  with  cvlinder  heads 
about  6  feet  apart  leaving  an  aisle  of  convenient  width  for  the 
attendant.  Two  line  shafts  are  operated,  one  on  either  side  of 
the  engine  room.  Engines  and  all  engine  room  machinery 
except  pumps,  are  belted  to  friction  clutches  upon  line  shafts. 
For  the  pumps  ordinary  tight  and  loose  pulleys  .are  used. 
The  machinery  of  this  room  consists  of  four  generators,  two 
blowers  and  the  pumps  to  which  reference  has  been  made. 

All  machines  rest  upon  concrete  foundations  built  up  from 
level  of  solid  ground  to  the  floor  a  distance  of  about  nine  feet. 


Floor  stands  for  shafting  also  rest  upon  concrete  piers. 

The  foundations  under  each  opposite  pair  of  engines  are 
connected  through,  below  the  floor  level,  securing  entire 
freedom  from  the  rocking  or  vibration,  which  so  frequently 
mars  the  elfect  of  an  otherwise  admirable  installation.  Gas 
is  supplied  from  an  eight  inch  line  carried  over  from  the  wall  of 
the  building  to  the  center  of  the  engine  room,  being  supported 
by  the  roof  trusses.  Over  the  center  line  of  each  pair  of 
engines  is  placed  an  eight  inch  by  2  J  inch  cross  tee,  from  which 
connection  is  made  to  the  engine  through  a  pressure  regulator. 

Water  is  supplied  to  the  water  jackets  from  an  overhead 
tank  into  which  water  is  pumped  from  wells. 

The  exhaust  pipes  are  run  horizontally  until  they  extend 
beyond  the  foundation.  They  are  then  carried  downward  and 
after  passing  through  two  exhaust  vessels  are  further  carried 
horizontally  under  the  floor  to  the  side  wall  of  the  building 
along  the  inside  of  which  they  pass  vertically  through  the  roof. 
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Power  will  be  transmitted  from  the  engine  room  by  shaft- 
ill"  for  the  machine  shop,  grinding  and  fitting  department  and 
the  rolling  room,  estimated  to  require  altogether  250  horse 
power.  Blowers  and  pumps  are  estimated  at  50  horse  power. 
Twenty-five  motors,  having  an  aggregate  capacity  of  700  horse 
power,  deliver  power  to  the  various  departments.  Among  the 
purposes  for  which  motors  are  employed  are  cranes,  elevators, 
conveying  systems,  machine  tools,  etc. 

While  the  total  power  required  to  operate  all  machines  at 
maximum  capacity  at  the  same  time  amounts  to  over  1,000 
horse  power,  it  is  considered  perfectly  safe  to  assume  700 
horse  power  as  the  working  maximum  with  all  machines  now 
installed  or  in  contemplation  at  this  time. 

The  periodic  variations  of  load  will  be  great,  ranging  from 
the  power  of  a  single  pair  of  engines  at  night  to  a  probable 
full  load  during  the  earlier  and  latter  part  of  the  day.  This 
large  fluctuation  in  load  was  the  principal  reason  for  the  sub¬ 
division  of  the  plant  into  such  relatively  small  units. 

No  tests  have  yet  been  made  upon  the  engines  already 
installed,  and  as  the  entire  plant  is  not  in  operation  it  is  impos¬ 
sible  to  give  the  actual  running:  cost. 

C  O 

The  concern,  being  large  users  of  natural  gas  for  various 
purposes,  secures  the  advantage  of  lower  price  for  gas  than  the 
usual  rate  to  consumers.  Basing  calculation  on  a  gas  consump¬ 
tion  of  13  cubic  feet  of  gas  per  B.  H.  P.  hour,  and  a  rate  of 
10  cents  per  1,000  cubic  feet,  the  cost  of  operating  under  full 
load  of  700  horse  power  would  be  01  cents  per  hour. 

The  most  favorable  conditions  under  which  steam  could 
be  employed,  with  present  prices  of  coal  considered,  can  not 
equal  this  in  economy. 

The  excellent  arrangement  of  this  department  is  due  to 
the  combined  skill  of  Dr.  K.  G.  Moldenke,  Foundry  Super¬ 
intendent,  and  Mr.  S.  H.  Stupakoff,  General  Superintendent  of 
the  Pennsylvania  Malleable  Co. 
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If  the  gratifying  results  obtained  so  far  continue  as  more 
of  the  plant  is  put  into  service — and  there  can  be  no  valid 
reason  why  they  should  not — the  service  it  will  do  the  gas 
engine  will  be  of  great  importance. 

Among  other  large  local  concerns  in  which  the  gas  engine 
as  auxiliary,  and  in  one  or  two  cases  principal,  power  has  been 
adopted,  are  The  Oliver  Iron  &  Steel  Co.,  three  engines,  Baker 
Chain  &  Wagon  Iron  Co.,  Howard  Axle  Co.,  Zug  &  Co., 
Pittsburg  Screw  &  Bolt  Co.,  and  many  others.  Several  man- 

O  j 

ufacturers  of  engines  are  represented  in  this  short  list. 

Photograph  5  was  taken  from  the  larger  of  two  engines 
furnished  the  Oliver  Iron  and  Steel  Co.  It  is  a  single  cylinder 
engine  developing  111  B.  H.  P.  on  illuminating  gas  of  650  B. 
T.  U.  per  cubic  foot. 

It  is  interesting  to  compare  this  engine  with  its  lineal 
prototype  shown  in  Figure  1,  as  both  were  developed  in  the 
same  shops,  with  a  lapse  of  time  of  over  twenty  years. 

Indications  now  point  to  a  far  greater  development  in  the 
next  twenty  years,  and  unless  some  revolutionizing  discovery 
in  power  production  checks  its  growth,  it  seems  inevitable  that 
the  gas  engine  will  supersede  steam,  in  moderate  sizes  at  least. 
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The  regular  monthly  meeting  of  the  Section  was  held  at 
410  Penn  avenue,  at  8:15  P.  M. 

Fifteen  members  and  several  visitors  were  present. 

Mr.  A.  G  McKenna  read  a  paper  on  The  Analyses  of 
Chrome  and  Tungsten  Steels.  The  paper  was  fully  discussed 
by  Messis.  Glass,  Stahl,  Harrison,  LoetHer,  Johnson,  Handy, 
Mohr  and  others. 

Mr.  McKenna  emphasized  the  importance  of  having  a 

large  excess  of  molybdate  present  when  precipitating  low 

% 

phosphorus  steels. 

Mr.  Johnson  said  that  ignited  molybdic  acid  gave  more 
uniform  results. 

Dr.  Harrison  gave  his  method  for  determining  graphite  in 
pig  iron. 

It  was  the  belief  of  the  members  that  informal  dinners 
before  meetings  of  the  Section  were  a  pleasant  feature  and 
ought  to  be  continued.  Adjourned  at  10:20  P.  M. 

G.  O.  Loeffler, 

Secretary. 

4/ 


METHOD  FOR  GRAPHITE  IN  PIG  IRON. 

Contributed  by  Dr.  A.  B.  Harrison,  Chemist.  Clinton  Iron  and  Steel  Co.,  Pittsburgh. 
eggertz’s  METHOD  (MODIFIED). 

One  gramme  of  drillings  is  dissolved  in  100  c.c.  of  dilute 
HC1,  when  sample  is  u  white  ’  ’  iron  or  iron  high  in  combina¬ 
tion  carbon. 

When  sample  is  grey  forge  or  foundry  iron,  use  100 
c.c.  of  1.13  sn.  gr.  nitric  acid.  When  dissolved  boil  till  all 
nitrous  fumes  are  driven  off  ;  filter  on  tared  papers.  Place 
filters  in  separate  funnels,  filter  through  the  filter  on  the  left, 
passing  the  filtrate  through  the  filter  to  the  right  ;  wash  out 
the  beaker  with  water,  using  wash  bottle  and  detach  any  ad- 
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hering  particles  with  policeman.  Wash  each  paper  several 
times  with  water  alone,  and  then  with  acid  and  water  alternately 
until  free  from  iron  salts.  Then  wash  several  times  with  water 
till  papers  are  free  from  acid.  Then  wash  the  graphitic  sili¬ 
ceous  residue  several  times  with  hot  dilute  ammonia  ;  wash 
papers  free  from  dissolved  carbons,  using  hot  water.  Finally 
wash  with  alcohol  and  then  with  ether  ;  dry  at  98  deg.  C.  and 
weigh.  Burn  the  paper  containing  the  graphitic  residue  in  a 
platinum  crucible  :  weigh  the  ash  and  subtract  it  from  the 
difference  in  weight  between  papers.  This  leaves  the  weight 
of  graphite  which  was  burnt  off.  Calculate  to  per  cent. 

Papers  should  be  dry,  white  and  uniform  in  color,  and 
should  not  be  brittle.  By  tared  paper  is  meant  two  papers 
which  have  been  dried  for  15  minutes  in  air  bath  at  98  deg.  C. 
and  have  been  carefully  cut  to  equal  weight.  Example  : 


Difference  in  weight  of  paper . 0350 

Weight  of  crucible  and  ash .  23.3020 

Weight  of  crucible .  23.3015 

Weight  of  ash . 0005 


.0350  less  .0005  equal  .0345  weight  of  graphite  equal 
3.45  per  cent. 

Reference  :  Cairn’s  Quantitative  Chem.  Analysis,  p. 
112-114,  1881  edition. 

Note  :  Graphite,  determined  by  the  above  method, 
checks  well  with  the  same  determination  by  chronic  and  sul¬ 
phuric  combustion. 

Combined  carbon  in  pig  iron  when  determined  by  color 
is  usually  somewhat  low. 
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THE  ANALYSIS  OF  CHROME  AND 
TUNGSTEN  STEELS. 

BY  A.  G.  M*  HENNA. 

The  writer  1ms  had  occasion  during  the  past  few  years  to 
make  complete  analysis  on  several  hundred  samples  of  steel, 
containing:  both  chromium  and  tungsten,  and  has  found  the 
following:  methods  very  satisfactory,  accurate  results  being: 
obtained  without  excessive  care  or  unusual  precautions. 

The  steel  is  usually  too  hard  to  be  drilled,  and  is  broken 

*/ 

up  in  a  ste°l  mortar  until  no  single  piece  is  larger  than  a  grain 
of  rice.  For  the  determination  of  sulfur,  silicon,  tungsten, 
manganese  and  chrome,  5  grains  are  weighed  into  a  500  c.c. 
evolution  flask,  so  arranged  that  the  guises  evolved  on  the 

c  C1 

addition  of  30  cc  hot  water  and  30  ce  concentrated  hydro- 
chlori  acid  shall  be  absorbed  by  an  ammoniacal  cadmium 
chloride  solution  contained  in  a  large  test  tube.  The  solution 
is  made  as  rapidly  as  possible  by  the  application  of  heat ;  as 
there  seems  to  be  evidence  that  with  some  irons  lower  results 
are  obtained  by  the  evolution  method  when  cold  acid  is  used. 

V 

When  the'steel  has  dissolved  the  solution  is  boiled  for  a  minute 
or  two  until  no  more  hydrogen  remains  in  the  flask,  beiim 
displaced  by  steam.  The  sulfur  is  then  determined  by  titration 
with  iodine  in  the  usual  manner,  using:  starch  solution  as  an 
indicator.  By  adding:  a  few  grains  of  zinc  chloride  to  the 
starch  solution  it  can  be  kept  indefinitely  without  spoiling. 
The  solution  in  the  evolution  flask  is  transferred  to  a  500  cc 
Erlenmeyer  flask,  10  cc  of  strong  11  NO,  added  and  evapor¬ 
ated  to  dryness  on  a  hot  plate,  taken  up  with  15  c.c.  strong 
HC1  evaporated  again  to  dryness,  taken  up  in  *20  cc  strong 
HC1,  diluted  with  hot  water  to  about  100  cc,  boiled  and 
filtered.  All  the  silica  and  tungstic  acid  will  be  on  the  filter 
paper;  after  washing  thoroughly  with  a  5  per  cent.  HNO 
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solution  the  residue  is  ignited  in  a  weighed  platinum  crucible 
WoO,  +  Si  0.,  and  weighed.  A  few  drops  of  HF1  are  now 
added  and  the  crucible  is  heated  to  a  bright  red  for  five  min- 

O 


utes  to  volatilize  silica.  The  loss  is  silica  which  is  calculated 
to  silicon  ;  the  residue  in  the  crucible  is  tungstic  acid,  which 
is  calculated  to  tungsten.  This  residue  generally  contains  a 
trace  of  iron  oxide  which  can  be  easily  determined  by  fusing 
the  residue,  after  weight  has  been  taken,  with  sodium  carbonate 
and  filtering  off  the  oxide  of  iron  after  solution  in  hot  water. 

The  filtrate  from  the  tungstic  acid  and  silica  is  again  trans- 

o 


ferred  to  an  Erlenmeyer  flask  and  evaporated  to  low  bulk, 
50  cc  of  concentrated  UNO.,  are  now  added  and  the  solution 
boiled  until  no  more  fumes  come  off,  showing  that  all  hydro¬ 
chloric  acid  has  been  removed.  Enough  concentrated  UNO  is 
added  to  make  the  volume  200  cc,  and  the  solution  again 

J  O 


heated.  When  it  has  reached  the  boiling  point,  10  grains  of 
potassium  chlorate  are  added  and  the  solution  boiled  down  to 
75  cc  in  order  to  remove  all  chlorine. 

The  manganese  will  now  be  completely  precipitated  as 
Mu0o  and  the  chromium  will  be  converted  to  chromic  acid. 

*The  solution  is  filtered  on  an  asbestos  plug  while  hot,  and 
washed  a  few  times  with  freshly  boiled  concentrated  nitric 
acid.  In  the  filtrate  chromium  is  determined  by  titration  with 
ferrous  sulphate  and  permanganate  according  to  the  following 
reactions  : 

2  Cr  03  +  6  Fe  O  =  3  Fe203  +  Cr2Os. 

2  K  Mu  04  -f  10  Fe  O  =  K20  +  2  Mu  0  +  5  FesO,. 

If  the  solution  is  diluted  to  about  500  cc  and  cooled  to 
about  20°  centigrade  before  titration,  there  is  not  the  slightest 
danger  of  interference  by  the  nitric  acid.  The  MuO.,  on  the 
asbestos  plug  is  dissolved  by  hot  hydrochloric  acid  and  a  pinch 
of  potassium  nitrite.  It  is  brought  to  a  boil  to  drive  off  chlo¬ 
rine  and  the  traces  of  iron  precipitated  by  ammonia  and 
ammonium  acetate  ;  the  basic  precipitate  is  dissolved  and  re¬ 
precipitated  to  free  from  traces  of  manganese.  In  the  filtrate 
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manganese  is  precipitated  by  bromine  in  a  strongly  amnio* 
niacal  solution,  filtered,  ignited  and  weighed  as  Mu,  () - 

For  the  determination  of  phosphorus,  5  grams  is  weighed 
into  a  porcelain  dish  and  60  cc  of  dilute  nitric  acid  added.  If 
the  steel  contains  more  than  one  per  cent,  of  chromium  it  will 
probably  be  found  necessary  to  add  IIC1  from  time  to  time  to 
secure  solution.  Solution  must  be  complete  before  allowing 
the  evaporation  to  go  too  far,  or  it  will  be  found  almost  im¬ 
possible  to  dissolve  the  last  particles  of  steel. 

The  solution  is  baked  as  usual  in  phosphorus  determina 
tions,  20  cc  HC1  added  and  again  taken  to  dryness,  taken  up 
in  20  cc  HOI  again,  diluted  and  filtered  from  tungsten  and 
silicon,  which  may  be  ignited  and  weighed  as  a  check  on  the 
first  determination.  To  the  hvdrochloric  acid  solution  35  cc 
strong  ammonia  is  added  then  sufficient  strong  nitric  to 
redissolve  the  hydrate  of  iron.  100  cc  molybdate  solution, 
made  according  to  Wood’s  formula  as  given  by  Blair,  is  added 
to  the  flask,  which  is  then  shaken  for  a  few  minutes  to  ensure 
complete  precipitation  of  the  phosphorus.  After  standing  for 
an  hour  the  yellow7  precipitate  is  filtered  on  a  dried  weighed 
paper,  washed  with  dilute  1  per  cent,  nitric  acid,  dried  for  an 
hour  and  weighed  as  phospho  molybdate,  containing  1.63  )>er 
cent,  phosphorus. 

For  carbon,  1.5  grams  are  dissolved  in  100  c.c.  of  a  33 
per  cent,  copper  and  potassium  chloride  solution.  After 
standing  half  an  hour  5  cc  HC1  is  added  to  hasten  solution. 
When  all  the  precipitated  copper  has  redissolved  the  solution 
is  filtered  through  ignited  asbestos  in  a  platinum  filter  tube 
using  suction  to  hasten  filtration.  The  carbon  on  the  plug  is 
washed  a  few  times  with  hot  water  then  dried  and  burnt  in  a 
platinum  tube  with  a  stream  of  oxygen.  The  CO.,  is  absorbed 
as  Ba  CO,  in  a  barium  hydrate  solution  contained  in  a  ten 
bulb  absorption  tube,  filtered,  washed  well  with  freshly  boiled 
distilled  water,  ignited  and  weighed  as  Ba  CO(  containing  6.0ft 
per  cent,  carbon. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two-hundred  and  fifth  regular  meeting  of  the  Ln- 

o  o 

gineers*  Society  of  Western  Pennsylvania  was  held  in  the 
Lecture  Boom  of  the  Society’s  House,  410  Penn  Avenue, 
Pittsburg,  Pa.,  May  loth,  1900,  twenty-seven  members  and 
visitors  being  present.  The  meeting  was  called  to  order  at 
8:25  o'clock,  the  President,  Mr.  W.  A.  Bole,  being  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

For  the  Board  of  Directors  the  following  applicants  were 


reported  as  passed  and  to  be 
meeting  : 

HARRISON  W.  CRAVER, 

ROBERT  C.  FALCONER. 
ARTHUR  B.  JONES, 

KRISTIAN  AUGUST  JUTHE,  - 
HEW  CHARLES  TORRANCE,  - 

The  following  gentlemen 
ted  to  membership  : 

CHARLES  H.  DAVIS, 

EDWIN  H.  HASLAM, 


voted  for  at  the  next  regular 


Reference  Assistant  in  Technical  Sci¬ 
ence. 

Carnegie  Library,  Pittsburg,  Pa. 
Assistant  Engineer, 

Penna.  Co.,  Pittsburg,  Pa. 

Manager, 

Versailles  Works  of  The  Baker  & 
Adamson  Chemical  Co.,  Versailles, 
Pa. 

Superintendent, 

Pittsburg  Screw  &  Bolt  Co.,  326 
Princeton  Place,  E.  E. 

Manager, 

Pittsburg  Otlice  of  the  Brown  Hoist¬ 
ing  <k  Conveying  Machine  Co.,  1112 
Carnegie  Building,  Pittsburg,  Pa. 

were  balloted  for  and  duly  elec- 

4/ 

Consulting  Engineer, 

99  Cedar  Street,  New  York  City. 

Superintendent, 

McCandless  Avenue  Works,  Alle¬ 
gheny,  Pa.;  417  Dennison  Avenue, 
E.  E.,  Pittsburg,  Pa. 
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Mr.  Bole — It  may  be  remembered  that  several  months 
ago  we  sent  oat  requests  to  our  past  presidents  of  the  Society 
to  favor  the  Society  with  their  photographs  to  adorn  the  walls 
of  the  Society’s  rooms.  That  business  is  unfinished,  inasmuch 
as  only  a  few  have  complied  Avith  the  request.  I  see  the  faces 
of  past  presidents  here  to-night  whose  pictures  should  adorn 
the  walls. 

It  becomes  a  pleasure  as  well  as  a  duty  to  present  to  you 
the  photograph  of  one  of  the  most  illustrious  of  our  past 
presidents,  Mr.  Emil  Swensson 

It  was  voted  that  the  thanks  of  the  Society  be  tendered 
Mr.  Swensson  for  his  picture  and  the  frame. 

Mr.  Davison — What  room  is  that  picture  to  adorn  ? 

Mr.  Bole — I  think  the  persons  who  send  their  pictures 
in  first  are  to  have  the  best  places  on  the  walls. 

Mr.  Johnson — Before  we  leave  this  subject  I  would  like 
to  say  that  one  of  the  past  presidents  asked  me  recently  about 
the  size  of  the  picture  that  was  requested.  I  mislaid  the  cir¬ 
cular  that  was  sent  out,  so  1  did  not  know  the  dimensions 
specified  in  the  request. 

The  secretary  was  requested  to  find  out  the  size  the  pictures 
should  be,  and  reported  that  in  order  to  correspond  in  size  to 
the  other  pictures,  they  should  be  about  15  by  18  inches. 

Mr.  Davison — While  we  are  still  on  this  subject,  l  would 
suggest  that  the  gentlemen  who  intend  to  produce  their  pictures, 
have  their  signature  on  them  also.  Of  course  there  will  come  a 

O 

time  when  the  gentlemen’s  faces  will  have  been  forgotten,  but 
their  signatures  will  serve  as  a  constant  reminder  of  them. 

Next  in  order  was  the  report  of  the  committees. 

Mr.  Davison  reported  for  the  Building  Fund  Committee, 
that  the  amount  of  money  sent  in  to  date  is  about  $500.  There 
has  been  no  special  effort  made  to  get  subscriptions  yet  and  I 
think  this  is  a  very  good  start.  I  notice  a  number  of  gentle¬ 
men  here  to-night  who  have  not  subscribed.  I  hope  they  will 
do  so  before  they  leave  the  house.  It  is  going  to  be  much 
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more  expensive  to  get  into  this  thing  after  awhile  than  it  is  at 
present.  If  they  want  to  get  in  on  the  ground  floor,  they  had 
better  get  at  it  at  once. 

The  report  of  the  committee  on  the  death  of  Mr.  Adams 
Tanner  was  then  read: 

MEMORIAL  ON  DEATH  OF  MR.  ADAMS  TANNER. 

It  is  with  regret  that  we  announce  the  death  of  one  of  the 

O 

younger  members  of  the  Society,  Mr.  Adams  Tanner. 

Mr.  Tanner  was  the  son  of  the  late  Judge  Thomas  Tanner, 
of  Sharon,  Pa.  He  graduated  from  the  Case  School  of  Ap¬ 
plied  Science,  in  Cleveland,  in  1897.  He  entered  the  office  of 
Mr.  Julian  Kennedy  in  the  fall  of  the  same  year  and  remained 
in  his  employ  until  his  death.  His  record  in  college  and  his 
brief  term  of  experience  as  an  engineer  gave  undoubted  assur¬ 
ance  of  his  success.  He  contracted  typhoid  fever  in  Pittsburg 
and  died  at  the  home  of  his  mother  in  Sharon,  on  April  1st, 
1900,  at  the  age  of  twenty-three  years. 

A.  Gow. 

Julian  Kennedy. 

Victor  Beutner. 

It  was  moved  and  seconded  that  the  report  be  received 
and  printed.  (Carried.) 

The  paper  of  the  evening,  by  Chester  B.  Albree,  entitled 
uAn  Inertia  Valve  Percussive  Tool,"  was  then  read  bv  the 

7  v 

author. 
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AN  INERTIA  VALVE  PERCUSSIVE  TOOL. 

BY  CHESTER  B.  ALBREE. 

In  the  last  few  years  the  use  of  compressed  air  as  a 
motive  power  for  machinery,  has  wonderfully  increased, 
especially  for  portable  tools.  This  is  mainly  due  to  the  advan¬ 
tageous  qualities  of  compressed  air  over  steam,  the  principal 
of  which  are  : 

First.  .  Stability,  or  in  other  words,  non-condensention, 
permitting  it  to  be  stored  indefinitely,  or  to  be  transported  long 
distances  without  loss  of  pressure,  other  than  that  due  to 
leakage  and  friction  of  the  conduit. 

Second.  Low  temperature  at  which  it  can  be  used  in 
hand  tools.  Such  tools  could  be  run  by  steam,  but  they  would 
become  so  hot  that  a  man  could  not  hold  them  in  the  naked 

t 

hand. 

Third.  The  exhaust  consists  of  fresh  cool  air,  adding  to 
the  ventilation  and  comfort  of  the  workroom  or  mine,  whereas 
the  exhaust  from  steam  motors  has  to  be  disposed  of  outside, 
and  is  a  nuisance,  and  with  hydraulic  systems,  the  waste  water 
must  be  carried  away  in  pipes. 

Fourth.  It  can  be  used  at  any  pressure  and  is  easily 
produced,  and  its  expansive  qualities,  while  not  on  a  par  with 
steam,  owing  to  the  absence  of  heat,  yet  can  be  utilized  with 
good  results,  a  feature  entirely  absent  in  hydraulic  systems. 

Against  these  advantages  are  opposed  some  few  disadvan¬ 
tages,  such  as  the  losses  of  power  in  the  compression  of  air, 
due  to  the  absorption  of  energy  in  the  generation  of  heat,  and 
the  subsequent  loss  of  pressure  in  the  compressed  air,  as  it 
cools  down  to  the  temperature  of  the  surrounding  atmosphere. 
The  losses  of  the  steam  end  of  the  compressor  are  similar  to 
those  of  any  steam  engine,  and  are  well  known  to  all  of  you. 
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The  absorption  of  heat  from  surrounding  media,  caused 
by  the  sudden  expansion  of  compressed  air,  often  to  such  an 
extent  as  to  freeze  anv  moisture  in  the  air  or  immediate  neigh- 
borhood,  will  often  prevent  the  use  of  high  pressure  air  expan¬ 
sively  unless  the  air  be  reheated.  This  reheating  of  compressed 
air  can  be  done  at  very  small  fuel  cost  for  the  benefits  attained, 
and  is  used  in  many  places. 

These  points,  however,  are  well  understood,  and  com¬ 
pressed  air  is  used  intelligently. 

With  these  few  reminders  of  the  equalities  of  compressed 
air,  the  subject  of  its  application  to  percussive  tools  comes  up, 
which  can  be  better  understood  by  prefacing  with  an  outline 
of  the  development  of  percussive  engines  of  different  types, 
followed  by  a  description  of  the  inertia  valve  type  which  is 
the  subject  of  this  paper,  and  a  discussion  of  some  of  the 
theroretical  and  engineering  features  involved  in  its  design. 

Percussive  force,  as  regards  the  actual  work  done  upon 
the  object  struck,  is  applied  in  two  ways  : 

First.  Directly,  when  the  tool  itself  is  propelled  through 
space  and  strikes  the  object,  when  practically  all  of  the  energy 
of  the  moving  mass  is  expended  on  the  object  struck.  The 
commonest  examples  are  the  hand  hammer,  sledge,  steam  ham¬ 
mers,  rock  drills,  mining  stamps  and  others  of  similar 
character. 

Second.  Indirectly,  when  the  moving  mass  strikes  an 
interposed  tool,  through  which  the  energy  is  transferred  to  the 
object. 

In  this  case  a  portion  of  the  energy  is  consumed  in  over¬ 
coming  the  inertia  of  the  interposed  tool :  the  remainder  only 
performing  useful  work  on  the  object.  The  energy  thus  con¬ 
sumed  in  overcoming  the  inertia  of  the  interposed  tool, supposing 
the  energy  of  percussive  force  to  be  constant,  varies,  by  well 
known  laws,  according  to  the  weight  or  mass  of  the  interposed 
body.  The  mathematical  discussion  of  inertia  is  out  of  place 
in  this  paper,  but  those  interested  in  the  subject,  can  find  full 
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discussion  of  it  in  Weisbach’s,  Kankine’s  and  other  works  on 


applied  mechanics. 

Examples  of  this  second  type  of  application  of  percussive 
force,  are  the  mason  striking  his  stationary  chisel,  the  quarry- 
man’s  drill  struck  by  the  sledge,  and  the  chisel  struck  by  the 
piston  of  a  pneumatic  hammer. 

After  hand  hammers,  which  have  been  used  from  time 
immemorial,  perhaps  the  lifting  of  a  weight,  and  subsequent 
dropping  it,  was  the  first  step  in  advance,  and  one  which  is 
still  in  daily  use  in  drilling  oil  wells  and  driving  piles. 

Trip  hammers  of  crude  form,  were  in  use  as  early  as  1600, 
and  before  them,  spring  catapults  were  used  to  throw  great 
stones  against  castle  walls.  Iri  a  manner,  these  may  be  classed 
as  hammers  of  the  first  type,  as  the  projectile  certainly  struck 
a  blow,  as  do  those  of  our  great  modern  rifles,  with  a  little 
more  force. 

Nasmyth’s  steam  hammer,  invented  in  the  early  forties, 
was  a  great  step  forward,  and  undoubtedly  led  to  the  invention 
of  the  rock  drill,  although  as  far  back  as  1683  a  drill  of  the 
oil  well  type  was  used  for  rock,  but  only  vertical  holes  could 
be  drilled. 

In  1844,  one  Br unton,  suggested  compressed  air  in  a  cyl¬ 
inder  as  a  convenient  means  of  working  a  hammer  to  hit  a  drill, 
and  in  1859,  Nasmyth,  who  was  a  wonderful  engineer,  at  a 
meeting  of  the  British  Association  for  the  Advancement  of 
Science,  suggested  that  the  loss  of  energy  in  overcoming  the 
inertia  of  an  interposed  tool,  could  be  overcome  by  lancing  or 
projecting  the  tool  itself  against  the  work,  and  exhibited  a 
sketch  of  an  ingenious  machine  having  a  piston  with  a  tool 
attached  to  the  piston  rod,  working  in  a  cylinder,  closed  at  the 
lower  end  and  open  at  the  top,  so  arranged  that  when  the  piston 
was  mechanically  pulled  to  the  back  of  the  cylinder,  a  vacum 
would  be  created  below  it,  and  on  releasing  the  piston,  the 
atmospheric  pressure  would  drive  it  down  with  a  constantly 
increasing  velocity.  This  device,  he  pointed  out,  could  be 


AN  INERTIA  VALVE  PERCUSSIVE  TOOL. 


129 


used  to  drill  holes  at  any  angle,  as  it  was  independent  of  gravity 
for  its  power. 

October  loth,  1851,  Cave,  a  Frenchman,  patented  a 
machine  for  rock  drilling,  run  by  compressed  air,  in  which  the 
valve  was  actuated  by  hand,  and  the  drill  rotated  by  hand.  It 
was  a  double  acting  engine,  and  was  successfully  used,  and  was 
the  pioneer  rock  drill  in  Europe. 

Couch,  an  American,  patented  a  rock  drill  in  1849  in 
which  both  the  valve  motion  and  the  rotation  of  the  drill  were 
automatically  performed  by  the  piston  in  its  motion,  and  while 
it  was  a  cumbersome  machine,  requiring  cranes  to  handle  it, 
it  was  in  its  essential  features,  the  rock  drill  of  to-day. 

Since  that  time,  there  have  been  wonderful  improvements 
in  detail,  and  numberless  devices  made  for  recfulatin^  and 
controlling  the  different  parts,  yet  to  America  belongs  the 
credit  of  the  real  development  of  the  rock  drill. 

There  are  three  methods  of  automatically  controlling  the 
admission  of  motive  fluid  in  rock  drills  and  other  percussive 
engines. 

First.  The  tappet  valve  type,  in  which  projections  attached 
to  the  reciprocating  part,  strike  triggers  or  other  devices  which 
in  turn  move  the  valve. 

There  are  several  objections  to  this  type.  The  clearances 
are  necessarily  large,  the  liability  to  breakage  is  great,  due  to 
the  intricacy  and  multiplicity  of  parts  ;  the  small  variation  of 
stroke  permittable  and  the  fact  that  the  valve  must  be  moved 
before  the  piston  has  completed  its  stroke. 

This  is  a  good  feature  on  the  back  stroke,  as  it  permits  of 
forming  a  sure  cushion  preventing  piston  hitting  back  cylinder 
head,  but  on  the  front  stroke  it  is  bad,  as  it  allows  initial 
pressure  air  to  bear  against  and  partially  check  the  velocity  of 
the  piston,  hence  weakening  the  possible  blow. 

Owing  to  the  skill  and  care  with  which  machines  of  this 
type  are  constructed,  most  excellent  results  have  been  and  are 
now  being  accomplished  with  them,  and  such  well  known  man- 
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ufaeturers  as  the  Ingersoll -Sargent  and  the  Rand  Rock  Drill 
Companies,  continue  to  sell  them  in  large  quantities. 

Second.  The  fluid  moved  valve  type,  wherein  the  piston 
itself,  at  certain  parts  of  its  travel,  admits  a  supply  of  motive 
fluid  to  move  the  valve  or  to  move  a  supplementary  piston 
which  in  turn  moves  the  valve. 

Such  machines,  if  well  made,  are  not  liable  to  get  out  of 
order,  but  the  stroke  is  subject  to  limitation  within  narrow 
range  of  length,  and  air  is  admitted  before  end  of  out  stroke, 
as  was  described  of  the  tappet  valve  type. 

In  neither  type  has  there  been  much  attempt  to  use  the 
air  expansively,  as  the  decreased  velocity  due  to  decreasing 
pressure,  and  the  additional  mechanical  complications,  did  not 
seem  to  warrant  it. 

The  Optimus  Drill,  of  English  make,  is  an  exception.  It 
belongs  to  the  fluid-moved  valve  type,  using  the  motive  fluid 
compound.  The  initial  fluid  driving  the  piston  outward,  is 
used  expansively  to  effect  the  return  stroke.  It  is  much  in 
use  abroad,  but  has  not  met  with  much  favor  here. 

Third.  The  so-called  valveless  type,  in  which  the  moving 
piston  acts  as  its  own  valve,  as  in  its  stroke,  it  alternately 
opens  and  closes  certain  ports,  so  that  the  fluid  acts  on  each 
end  of  the  piston  in  turn. 

The  progenitor  of  this  type  was  invented  by  John  Dar¬ 
lington,  May  13th,  1873,  in  England,  and  a  great  many  were 
used,  though  now  superseded  by  the  modern  drills  of  the  first 
and  second  types  described. 

In  this  machine,  the  motive  fluid  acts  constantlv  on  the 
smaller  area  of  the  piston.  When  the  piston  is  at  the  outer 
end  of  its  stroke,  the  space  in  the  rear  is  open  to  the  atmos¬ 
phere  and  the  constant  pressure  on  front  area,  forces  the  piston 
back.  In  its  motion,  it  closes  the  exhaust  port  and  a  back 
cushion  is  started  in  the  rear.  At  a  certain  distance  before  the 
motion  of  piston  is  entirely  checked  by  the  cushion,  a  by-pass 
leading  from  front  to  rear  end  of  cylinder,  is  opened  ;  this 
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Fig.  1. 
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by-pass  being  a  little  longer  than  the  main  body  of  piston. 
Fluid  rushes  through  this  passage  to  the  space  in  rear  of  piston, 
pressing  on  large  diameter  of  same  with  initial  pressure,  drives 
piston  forward  against  the  pressure  on  small  diameter,  with  a 
force  due  to  the  excess  of  area,  under  the  same  pressure  per 
square  inch.  Very  early  in  the  down  stroke,  the  by-pass  is 
closed  again  by  body  of  piston,  and  further  force  is  derived 
only  from  the  expansion  of  the  body  of  high  pressure  fluid, 
locked  in  the  rear  of  piston. 

Against  this  decreasing  pressure  of  expansion,  is  opposed 
the  constant  pressure  on  the  small  front  area,  so  that  the  nett 
forward  force  is  constantly  decreasing,  although  suflicient, 
combined  with  the  momentum  already  acquired,  to  propel  pis¬ 
ton  its  entire  stroke  with  considerable  velocity,  utilized  in 
effective  work  bn  the  object  struck  by  the  tool.  When  nearljr 
at  end  of  out  stroke,  the  exhaust  in  rear  is  again  opened,  so 
that  further  travel  is  entirely  due  to  the  acquired  momentum. 
As  soon  as  the  blow  is  struck,  the  piston  is  stopped,  and 
immediately  is  pusjhed  back  by  pressure  on  front  area  and  the 
operation  repeats. 

The  conception  is  unique  and  beautiful,  the  drawback 
being  the  loss  of  velocity  on  the  out  stroke,  as  described. 

The  action  of  this  tool  has  been  explained  in  detail,  as  it 
was  in  the  endeavor  to  overcome  this  defect,  that  experiments 
and  study  were  made  of  the  problem. 

In  Darlington’s  drill,  the  initial  pressure  was  used  for  the 

back  stroke,  and  the  expansive  force  used  for  the  out  stroke. 

April  13th,  1880,  Wm.  L.  Neill  took  out  a  U.  S.  patent  for  a 

valveless  rock  drill,  reversing  this  action,  so  that  the  effective 

out  stroke  was  due  to  initial  pressure,  and  the  return  stroke  to 

exjjansion.  This  device  never  was  used  practically,  as  far  as 

can  be  ascertained,  probably  due  to  the  fact  that  a  cushion  was 

formed  in  front  of  the  piston,  when  the  exhaust  was  closed, 

increasing  in  force  as  the  piston  progressed,  and  decreasing  the 

velocity  thereof. 

«/ 
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Having  thus  examined  the  three  principal  types  of  valve 
motion  in  ordinary  use,  we  come  to  the  development  of  the 
Pneumatic  Hammer,  which  consists  essentially  of  a  small  porta¬ 
ble  cylinder  in  which  a  piston  reciprocates  very  rapidly,  striking 
a  great  number  of  blows  per  minute  on  the  end  of  a  tool  inserted 
in  the  end  of  the  cylinder. 

It  belongs  to  the  second  class  of  percussive  tools,  having 
a  tool  interposed  between  the  hammer  and  the  work. 

McCoy  may  be  saitl  to  be  fairly  entitled  to  the  credit  of 
the  first  application  of  such  tools  to  heavy  work,  such  as  chip¬ 
ping  metals,  caulking  boilers,  cutting  stone,  &c.,  that  had  been 
done  previously  by  hand  and  hammer.  He  exhibited  his  de¬ 
vice  before  the  Franklin  Institute,  which  awarded  him  a  medal 
for  a  new  and  meritorious  invention  of  real  utility. 

He  was  not,  however,  the  originator  of  the  broad  idea, 
as  long  before  he  perfected  the  tool  for  heavy  work,  it  had 
been  used  as  a  dental  plugger,  a  device  working  compressed 
air  in  a  cylinder,  so  that  a  piston  struck  the  end  of  a  tamping 
tool,  used  to  insert  "old  into  the  cavities  in  teeth. 

There  were  several  patents  taken  out  for  such  tools  and 
successful  results  attained  in  the  TO’s. 

The  pneumatic  hammers  followed  in  a  general  way,  the 
valve  motions  used  in  rock  drills,  with  modifications  adapted 
to  smaller  and  more  portable  tools.  The  valvcless,  as  also 
tappet  and  fluid  moved  valve,  types  are  used.  Of  the  former, 
the  Q.  &  C.  tools  are  quite  well  known.  For  work  within 
their  range,  they  are  admirable,  owing  to  their  simplicity 
of  design,  small  size  and  great  rapidity  of  short  stroke  blows. 
For  light  chipping,  caulking  and  other  similar  work,  they  can 
hardly  be  excelled.  A  some  what  similar  tool,  the  Kotten,  is 
made  for  use  in  carving  stone  and  marble,  die  sinking  and 
other  delicate  work,  and  has  a  very  short  stroke,  about  to 
,  running  as  high  as  10,000  or  more  strokes  per  minute. 

For  heavy  chipping,  rivetting  and  other  work,  the  blow 
of  a  valveless  tool  is  not  heavy  enough  to  do  the  work  well, 
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and  tools  with  a  controlling  valve  are  used,  allowing  of  much 
longer  stroke,  and  higher  velocities  of  piston  travel. 

Of  the  fluid-moved  valve  type,  the  Boyer  hammer,  made 
by  the  Chicago  Pneumatic  Tool  Co.,  and  the  Little  Giant  ham¬ 
mer,  made  by  the  Standard  Pneumatic  Tool  Co.,  are  the  best 
known.  In  these,  a  small  valve,  located  in  a  chamber  in  the 
rear  of  the  piston,  travelling  parallel  or  right  angles  to  the  axis 
of  the  piston,  is  actuated  by  air  pressing  on  differential  areas, 
moving  it  alternately  to  and  fro,  opening  and  closing  ports 
controlling  the  admission  and  exhaust  to  the  cylinder.  Suit¬ 
ably  placed  small  ports  are  closed  and  opened  by  the  piston  in 
its  travel,  that  permit  air  to  act  on  and  move  this  valve. 

Excellent  work  is  accomplished  by  these  tools,  and  a 
skilled  workman  can  do  from  four  to  six  times  as  much  as  can 
be  done  by  hand  tools  alone.  The}7  are  in  use  in  nearly  all  the 
progressive  machine,  boiler,  bridge  and  ship  works  in  this 
country,  and  in  a  great  many  abroad,. 

In  driving  rivets,  greater  force  is  required  than  in  chip¬ 
ping.  This  can  be  attained  in  a  pneumatic  hammer  in  two 
ways  :  By  larger  mass  in  the  piston,  or  by  greater  velocity. 

The  force  of  a  blow  varies  directly  as  the  mass  or  weight; 
and  as  the  square  of  the  velocity  ;  hence  a  tool  can  be  designed 
with  a  heavy  piston  and  short  stroke  with  high  pressure,  or 
the  same  result  attained  by  larger  cylinder  diameter  with  lower 
pressure,  but  the  better,  and  generally  adopted  method;  is  to 
increase  the  length  of  stroke,  keeping  the  diameter  small.  This 
would  follow  theoretically  as  a  result  of  the  law  given.  There 
is  again  a  practical  reason  why  the  diameter  should  be  kept 
small,  because  the  reaction  would  otherwise  be  too  great. 
Since  action  and  re-action  are  equal  and  in  opposite  directions, 
the  total  force  used  to  propel  the  piston  out,  presses  equally 
against  the  back  cylinder  head,  and  a  man  can  withstand  but 
a  limited  amount  of  such  pressure  when  holding  the  tool,  thus  • 
limiting  the  diameter  to  such  size  as  has  been  found  practicable. 

To  meet  the  demand  for  a  long  stroke  tool,  the  Chicago 
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Pneumatic  Tool  Co.  have  put  on  the  market,  the  “Long  Stroke 
Boyer  Hammer"  having  a  piston  about  lj-in.  diameter,  with 
9-in.  stroke,  striking  a  very  hard  blow,  due  to  the  continued 
application  of  a  constant  force  through  the  long  stroke,  con¬ 
stantly  accelerating  the  piston  velocity.  The  valve  is  moved 
by  tappets  and  at  pressures  of  about  100  lbs.  per  square  inch. 
£-in.  rivets  can  be  set  down  much  quicker  and  about  as  tight 
as  by  hand,  but  the  rivets  do  not  till  the  holes  as  well  as  those 
driven  by  compression  riveters,  driven  by  air,  steam  or  hy¬ 
draulic  pressure,  nor  nearly  so  quickly.  For  the  erection  of 
structural  work,  or  for  any  field  riveting,  it  tills  a  long  felt 
want,  doing  the  work  sufficiently  well. 

With  this  perhaps  rather  long  examination  of  what  has 
been  accomplished  in  percussive  tools,  and  study  of  the  under¬ 
lying  principles,  the  subject  of  this  paper,  “An  Inertia  Valve 
Percussive  Tool"  will  be  discussed. 

Recalling  the  Darlington  Valveless  Rock  Drill  and  refer- 
ring  to  the  drawing  (Fig.  1),  we  notice  that  when  the  rear  edge 
F  of  the  piston,  passes  exhaust  port  D  on  the  back  stroke, 
that  a  cushion  is  at  once  started  in  the  rear,  increasing  in 
pressure  as  the  piston  travels  back.  When  the  front  edge  A 
of  the  piston  passes  and  opens  the  entrance  B  of  the  by-pass 
B*C,  initial  pressure  air  flows  through  admittance  port  M, 
cylinder  cavity  and  the  by-pass  to  the  rear  of  the  piston, 
immediatelv  checking  anv  further  movement  and  forcing  the 
piston  out  by  reason  of  the  greater  area  of  surface  F  over 
surface  A.  In  such  forward  movement  the  edge  A  again 
closes  the  port  B  of  by-pass,  cutting  otf  the  supply  of  further 
initial  pressure  air  to  the  rear,  so  that  any  additional  pressure 
or  force  upon  rear  area  of  the  piston,  must  be  derived  from  the 
expansive  action  of  the  air  locked  in  behind  it,  which,  you  will 
notice,  is  opposed  by  the  initial  pressure  air  bearing  on  surface 
A,  which  is  constant  at  all  points  of  stroke,  either  forward  or 
back. 

It  seemed,  on  study  of  this  device,  that  if  some  way  could 
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be  found  to  allow  air  of  initial  pressure  to  follow  up  the  piston 
during  its  entire  downward  stroke,  that  much  greater  piston 
velocity  would  be  secured. 

To  accomplish  this  result,  it  was  obvious  that  an  automat¬ 
ically  moved  valve  of  some  sort,  must  control  the  flow  of  air, 
in  such  a  way  as  to  prevent  any  access  to  the  rear  during  the 
back  stroke,  and  to  permit  such  access  during  the  forward 
stroke. 

The  first  solution  that  appeared  was  the  use  of  a  type  of 


poppet  valve,  with  a  spring  bearing  upon  it,  so  that  when  there 
was  no  pressure  on  one  side,  the  valve  would  close  under  un¬ 
balanced  pressure,  but  when  the  pressure  was  alike  on  each 
side,  the  spring  would  force  it  open. 

To  clearly  understand  it,  referring  to  the  print,  A  is  a 
port  admitting  air  continually  against  area  E.  G  is  a  port 
leading  from  this  area  E  to  the  valve  chamber  shown. 

C  is  a  valve  with  spring  D  bearing  against  the  side  of  it 
that  is  away  from  the  constant  supply  of  initial  pressure  in 
port  G,  arranged  so  that  pressure  against  it  from  port  G  will 
close  it  against  pressure  of  spring,  when  no  pressure  exists 
back  of  it. 

B  is  a  by-pass  having  two  outlets  communicating  with 
cylinder  h  &  h3.  F  is  an  exhaust  port,  adapted  to  be  closed 
and  opened  by  the  rear  edge  of  the  piston.  J  is  a  guide  to 
prevent  piston  from  turning,  as  the  device  as  shown  required 
that  the  valve  cavity  should  not  come  in  contact  with  the 
exhaust  port  F. 

In  action,  air  enters  through  A,  pressing  against  small  area 
E  closes  valve  G  and  forces  the  piston  back,  the  space  in  the 
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rear  of  piston  and  in  the  by-pass  and  valve  cavity  having 
exhausted  through  port  F. 

When  the  piston  travels  so  that  the  edge  E  passes  port  B, 
air  at  high  pressure  goes  through  by-pass  to  rear,  and  at  the 
same  time  through  the  port  h  into  the  valve  cavity,  thus  equal¬ 
izing  the  pressure  on  the  sides  of  valve  C,  which  opens  under 
the  pressure  of  the  spring  D,  permitting  free  passage  of  the 
air  through  port  E,  and  the  valve  cavity  port  h  and  by-pass  t<> 
the  rear,  forcing  the  piston  out,  owing  to  the  excess  area. 

As  it  travels  out,  this  passage,  either  through  B  or  h  is 
continually  open,  so  that  a  continuous  current  of  air  flows 
through  the  valve  at  initial  pressure  until  the  exhaust  port  is 
opened  at  F,  reducing  the  pressure  in  the  rear  when  the  valve 
again  closes,  and  the  action  is  repeated  as  described. 

This  seemed  very  nice  on  paper  and  worked  fair  to  mid¬ 
dling  badly.  When  the  spring  C  was  exactly  right  in  intensity 
for  a  given  air  pressure,  it  worked  nicely,  but  any  variation  of 
pressure  interfered  with  good  results.  Again  the  rush  of  air 
through  the  valve  had  a  strong  tendency  to  close  it,  requiring 

a  superfine  adjustment  of  the  intensity  of  the  spring. 

■ 

For  static  pressures,  the  idea  was  all  right,  but  for  dynam¬ 
ic  pressures,  if  one  could  so  call  air  under  pressure  in  motion, 
it  was  not  all  that  could  have  been  desired. 

In  the  line  of  simplicity  and  experiment,  a  rearrangement 
of  the  parts  was  made,  as  shown  in  drawing. 


Fig.  3. 

The  poppet  valve  was  placed  in  the  axis  of  the  piston, 
which  did  not  then  require  guides  to  keep  it  from  turning  and 
the  construction  was  simpler.  llesults  somewhat  better  than 
in  the  first  machine  were  attained,  but  it  was  discovered  that  the 
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inertia  of  the  poppet  valve  interfered  with  the  contemplated 
action  of  the  device. 

This  movement  of  the  valve  by  inertia,  suggested  the  use 
of  a  form  of  slide  valve  that  should  be  controlled  entirely  by 
inertia,  opening  and  closing  suitable  ports  in  its  travel  to  ac¬ 
complish  the  desired  ends. 

A  tool,  as  shown  in  the  drawing,  was  designed,  having  an 
axial  hole  in  the  center,  within  which  a  small  tube  could  move 
freely  within  fixed  limits. 

A  constant  supply  of  air  is  admitted  at  1  against  the  small 
area  of  piston.  Ports  5-5  lead  from  a  point  adjacent  to  this 
small  area  into  valve  chamber,  which  in  turn  opens  to  the  rear 
end  of  piston. 

An  exhaust  port,  Id,  leads  through  the  cylinder  and  a 
groove  around  exterior  of  piston,  communicates  by  a  port  7  to 
the  valve  chamber. 

In  starting,  the  tubular  valve  is  at  the  outer  end  of  cham¬ 
ber,  thus  closing  ports  5-5  and  leaving  ports  7-7  open. 

Owing  to  the  constant  pressure  on  the  small  area,  and  the 
exhaustion  of  pressure  in  rear  of  piston,  it  travels  back,  and 
the  rear  edge  closes  exhaust  port  14,  which,  however,  registers 
at  the  same  instant  with  annular  groove  on  piston,  establishing 
a  hew  means  of  exhaust  through  the  valve  chamber,  ports  7-7 
and  annular  groove  8  to  port  14.  This  passage  remains  open 
until  the  groove  8  passes  exhaust  port  14,  and  the  piston  cuts 
off  further  exhaust.  A  cushion  then  commences  which  tends 
to  check  the  velocity  attained  by  the  piston,  but  not  that  of 
the  valve  carried  thereby  and  traveling  with  equal  velocity. 
Being  free  to  move,  the  valve  slides  back  until  it  meets  stop  9. 

In  this  position,  the  interior  exhaust  ports  7 -7  are  closed, 
and  the  admittance  ports  5-5  are  opened,  and  initial  pressure 
air  flows  through  the  valve  to  the  space  in  rear,  driving  piston 
out  by  reason  of  the  excess  area. 

The  valve  remains  in  this  back  position,  allowing  air  to 
flow  through  it  until  the  piston  has  struck  its  blow,  when  the 
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Fig.  4. 
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valve  slides,  by  reason  of  its  inertia,  to  its  outer  position,  and 
the  action  repeats  as  described. 

It  will  be  noticed  that  full  pressure  is  exerted  until  after 
the  piston  has  struck,  and  also  that  the  valve  will  shift  at  any 
point  during  the  out  stroke  if  the  piston  is  stopped,  provided 
that  exhaust  can  occur.  The  possible  limit  of  practicable  vari¬ 
ation  of  stroke  is  thus  only  limited  by  the  distance  found 
necessary  to  use  for  a  rear  cushion  to  prevent  piston  from 
ever  striking  the  back  cylinder  head. 

This  varies  from  J  to  ■£•  of  the  stroke  length,  thus  permit¬ 
ting  a  wonderful  variability  of  stroke. 

The  tool,  as  described,  worked  very  well  at  times,  but  it 
was  discovered  that  the  valve  had  a  strong  tendency  to  bounce 
back,  especially  on  the  front  stroke.  This  unlooked  for  move¬ 
ment  of  the  valve  had  very  disastrous  effects,  as  may  be 
imagined,  causing  the  action  to  be  extremely  erratic. 

To  obviate  this  trouble,  brakes  were  applied  to  the  valve, 
to  prevent  its  sliding  so  easily.  The  machine  ran  well  when  it 

r 

got  a  good  start,  but  the  valve  was  liable  to  stick  at  the  wrong 
end  of  the  chamber,  and  there  was  great  difficulty  in  starting 
again  until  the  piston  had  been  jarred  by  hand  so  as  to  bring 
the  valve  where  it  should  have  been. 

Other  expedients,  such  as  the  use  of  rubber,  lead,  wood 
and  other  buffers,  supposed  to  be  inelastic,  were  tried  in  the 
endeavor  to  stop  the  bounce  with  but  little  success  as  anything 
soft  enough  to  prevent  bouncing  was  soon  hammered  out  of  all 
shape,  the  pieces  clogging  up  the  valve  chamber. 

All  sorts  of  shifts,  profoundly  wise  and  exceedingly 
foolish,  met  the  same  fate,  until  we  were  almost  disheartened 
and  digusted  with  the  perversity  of  things  inanimate. 

In  pondering  over  the  failure,  the  idea  of  counter-balanc¬ 
ing  the  rebound  of  the  valve  bv  a  smaller  mass,  colliding  it 
with  it  at  the  instant  rebound  commenced,  arose. 

A  little  model  consisting  of  a  pipe,  with  two  collars  fas¬ 
tened  to  it,  having  between  them  another  piece  of  pipe  large 
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enough  to  slip  freely  on  the  outside  of  the  other,  and  a  little 
less  in  length  than  the  distance  between  the  collars,  was  made. 

On  holding  this  device  about  three  or  four  feet  above  a 
block  of  steel j  with  the  outer  tube  or  “Kider*'  as  it  was 
named,  bearing  against  the  upper  collar,  it  was  dropped  ver¬ 
tical  lv.  The  lower  end  of  the  inner  tube  struck  first  and 
started  to  rebound,  but  the  rider,  traveling  at  the  velocitv  due 
to  the  fall,  slipped  over  the  main  tube,  until  it  struck  the  lower 
collar,  fast  on  inner  tube,  thereby  checking  the  upward 
velocitv  of  the  rebounding  inner  tube,  so  that  the  combination 
practically  did  not  rise  perceptibly  from  the  steel  block,  land¬ 
ing  almost  as  dead  as  a  chunk  of  putty. 

It  seemed  as  if  this  principle  could  be  applied  to  the 
valve,  so  as  to  overcome  its  rebound,  and  at  the  same  time 
give  the  freedom  of  motion  necessarv  to  good  action. 

A  modification  of  the  valve  was  made  with  a  rider  attach¬ 
ment,  which,  when  tried,  caused  the  tool  to  work  with  the 
regularity  of  clock  work. 

In  designing  the  valve  and  rider,  a  study  was  made  of  the 
coefficients  of  rebound  of  various  materials,  and  it  was  found  that 
a  great  deal  of  difference  in  results  and  theory  existed  among 
the  acknowledged  authorities  on  applied  mechanics,  authors  of 
distinction,  such  as  Kankin,  AVelsbach  and  others,  giving  tables 
with  wide  variations  for  similar  materials. 

In  order  to  be  sure,  recourse  was  had  to  experiment  with 
different  materials,  to  determine  what  proportionate  weights 
the  valve  and  rider  should  have  to  each  other. 

It  has  been  demonstrated  by  mathematicians  that  the 
modulus  of  elasticity  of  rebound  is  equal  to  the  ratio  of  the 
relative  bodies  after  and  before  impact. 
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If  a  body,  suspended  from  a  small  cord  from  a  fixed  point, 


be  made  to  oscillate  like  a  pendulum,  it  will  acquire  a  velocity 
at  its  lowest  point,  proportional  to  the  chord  of  the  arc  through 
which  it  has  swung,  and  if  the  arcs  are  not  very  long,  the 
times  of  descent  will  be  equal  for  different  length  arcs  ;  hence, 
if  the  suspended  body  strike  a  stationary  body  when  at  its 
lowest  point,  and  the  angular  distance  through  which  it 
rebounds  be  noted,  the  ratio  of  the  original  to  the  return 
velocity  can  be  determined. 

It  was  found  that  for  steel  striking  steel,  it  was  as  100  to 
60,  and  for  steel  striking  vulcanized  rubber,  backed  by  steel, 
about  100  to  37.  The  fibre  was  used  as  it  stands  the  pounding 
of  the  valve  without  itself  disintegrating,  or  upsetting  end  of 
valve. 

Knowing  then  the  modulus  of  recoil,  we  can  figure  the 
velocity  a  body  will  acquire  at  the  instant  after  collision  on  the 
rebound,  if  we  know  the  velocity  with  which  it  struck. 
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If,  in  addition,  we  know  the  weight  of  the  striking  mass 
we  can  find  the  energy  or  momentum  at  that  instant,  and  have 
onlv  to  make  the  weight  of  rider  such  that  its  momentum,  due 
to  the  initial  velocity,  shall  he  equal  to  that  of  the  valve  re¬ 
bounding,  to  practically  eliminate  the  return  movement  of  the 
valve.  When  two  perfectly  elastic  bodies  of  equal  weight  meet, 
each  rebounds  with  substantially  the  same  velocity  with  which 
they  met,  but  with  imperfectly  elastic  bodies,  of  unequal  masses 
and  velocities;  the  rebound  depends  on  which  has  the  greater 
weight  and  velocity,  and  on  the  moduli  of  recoil,  hence  we  can 
approximately  calculate  the  weight  of  rider  so  that  the  valve 
will  stop  short,  and  any  rebound  will  occur  in  the  rider  only. 
This  rebound  can  be  made  so  little  that  it  does  not  influence 
he  valve  itself,  and  the  desired  result  is  attained. 

In  making  these  investigations,  certain  interesting  points 
came  up  that  are  worthy  of  further  study  to  fully  understand 
the  reasons  for  them. 

The  recoil  certainly  depends  upon  the  elasticity  of  the 
colliding  bodies,  yet  the  ratios  found  by  experiment,  seem  to 
bear  no  recognizable  relation  to  the  established  coefficients  of 
elasticity,  given  in  text-books  on  the  strength  of  materials. 
Evidently  the  amount  of  energy  in  the  moving  masses  and  the 
area  of  contact  influence  the  result.  If  the  striking  area 
is  small,  the  entire  energy,  converted  into  work,  is  exerted  on 
a  small  unit  of  surface,  causing  a  strain  per  unit  area  greater 
than  the  materials  would  stand.  In  this  case  the  limit  of  elas¬ 
ticity,  as  ordinarily  understood,  might  be  exceeded  when  the 
work  would  be  expended  on  tearing  or  crushing  the  material, 
instead  of  causing  rebound. 

On  the  other  hand,  if  a  body  of  equal  weight  and  velocity 
to  the  one  described,  but  having  a  much  larger  striking  area, 
were  to  collide^  it  might  easily  be  conceived  that  the  strain  per 
unit  of  striking  area,  would  be  less  than  the  limit  of  elasticity 
of  the  materials,  and  that  practically  most  of  such  energy 
would  be  consumed  in  bending  or  squeezing  the  materials, 
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which  would  spring  back  to  their  original  position,  and  in  so 

doing,  force  the  colliding  body  back  into  space  with  a  velocity 

dependent  upon  the  strain  produced  and  the  coefficients  of 

elasticitv  of  the  bodies. 

*/ 

To  elucidate  the  truth  of  this  hypothesis,  would  require 
a  great  deal  of  careful  experiment  and  research,  and  would  be 
suitable  work  for  some  mechanical  laboratory  connected  with  a 
technical  school.  Accurate  information  on  the  subject  would 
be  of  great  value.  It  might  originate  a  new  method  of  testing 
materials,  although  somewhat  analogous  to  impact  testing  that 
is  now  in  vogue,  although  the  results  in  the  latter  system  are 
derived  from  measurements  of  bends  made  transversely  in  the 
specimen  struck.  By  this  method,  such  results  would  probably 
be  derived  from  a  comparison  with  the  velocities  of  rebound 
from  standard  substances,  of  bodies  of  given  form  and  with 
given  velocity. 

The  latest  model  of  a  direct  acting  chipping  tool  is  shown 
in  the  accompanying  sketch.  You  will  note  that  the  valve  will 
move  at  any  point  of  the  stroke,  if  the  velocity  of  piston  be 
checked,  and  that  within  the  limits  for  cushion  described  earlier 
in  this  paper,  the  stroke  is  variable. 

While  this  variability  of  stroke  is  not  so  essential  in  a 
chipping  hammer,  or  any  tool  of  the  second  class  of  percussion 
where  an  interposed  tool  receives  the  blow,  yet  for  machines 
of  the  first-class,  such  as  rock  drills,  steam  hammers,  gold 
mine  stamps,  &c.,  such  variability  is  desirable  and  essential  to 
attain  the  best  results. 

In  this  hammer  the  exhaust  takes  place  at  very  nearly  the 
initial  pressure,  hence  a  great  deal  of  energy  contained  in  the 
compressed  air  is  wasted,  although  the  piston  velocity  on  the 
down  stroke  is  great,  giving  a  powerful  blow. 

It  seemed  as  if  some  of  this  waste  might  be  obviated  by 
working  the  air  compound,  using  a  different  form  of  inertia 
valve  so  as  to  retain  the  ^ood  features  of  the  device. 

It  was  evident  that  a  constant  supply  of  initial  pressure 
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Fig.  7. 
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air  should  be  furnished,  available  at  any  point  of  the  stroke, 
but  that  it  should  have  access  to  one  end  of  the  piston  at  certain 
specified  times  only,  and  that  the  valve  should  permit  of 
opening  a  passage  from  this  side  of  piston  to  the  other,  which 
necessarily  should  be  of  larger  area  to  allow  of  the  locked  in 
charge  of  high  pressure  air  acting  expansively  on  both  piston 
areas. 

It  was  also  a  condition  that* during  the  movement  of  the 
piston  under  initial  pressure,  that  the  other  end  of  the  cylinder 
should  be  open  to  exhaust  in  such  a  way  that  variability  of 
stroke  would  result,  and  sufficient  cushion  formed  to  prevent 
piston  striking  cylinder  head. 

These  conditions  were  fulfilled  in  a  machine  of  the  type 
shown  in  the  illustration. 

An  annular  groove  was  provided  on  a  portion  of  the 
exterior  of  the  piston  that  was  in  register  at  all  points  of  the 
stroke  with  an  admission  port  of  high  pressure  air.  An  axial 
valve  chamber  was  provided,  open  at  the  rear  end  in  the  body 
of  the  piston,  having  from  it  ports  leading  to  the  constant 
supply  of  motive  fluid  ;  other  ports  leading  to  a  point  adjacent 
to  the  small  diameter  of  the  piston  and  exhaust  ports,  arranged 
so  that  exhaustion  could  occur  through  them  during  the 
majority  of  the  back  stroke,  but  be  closed  by  the  motion  of 
the  piston  for  the  remainder  of  the  stroke. 

A  tubular  valve  was  placed  in  this  central  chamber,  having 
on  its  exterior  surface  an  annular  groove,  so  placed  that  when 
the  valve  was  at  the  outer  end  of  its  travel,  it  would  register 
with  the  ports  from  the  constant  source  of  supply,  and  the 
ports  leading  to  smaller  piston  area,  while  at  the  same  time  a 
port  through  it  would  permit  of  exhaustion. 

In  action,  the  pressure  against  the  small  area  of  piston 
drives  it  back,  air  in  the  rear  meanwhile  having  a  free  vent 
through  the  exhaust  ports  until  the  piston,  in  its  travel,  cuts  off 
exterior  exhaust  port,  thus  cushioning  the  air  remaining  back 
of  the  piston  and  checking  velocity  of  the  piston  when  the  valve 
moves  by  its  inertia  to  the  rear  end  of  its  travel. 
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In  this  back  position  the  supply  of  high  pressure  air  is  cut 
olf,  as  is  also  the  exhaust  port,  and  a  port  in  the  valve  itself,  reg¬ 
isters  with  the  port  leading  to  the  small  piston  area,  permit¬ 
ting  the  air  locked  in  in  front  of  the  piston,  free  passage  to  the 
rear.  The  pressure  immediately  tends  to  equalize  on  both 
ends  of  piston,  and  owing  to  the  larger  area  in  the  rear,  the 
piston  is  forced  out  under  the  force  of  the  expanding  air  from 
the  front  end  of  cylinder,  continually  decreasing  in  pressure 
as  the  piston  moves,  and  the  volume  or  space  increases.  The 
piston  striking  causes  the  valve  to  shift  back  to  its  original 
position,  and  the  action  continues. 

It  is  obvious  that  if  the  piston  were  back  when  at  rest 
that  there  would  be  no  locked-up  air  to  expand,  so  that  it  could 
not  start,  and  to  overcome  this  difficulty,  a  spring  is  placed 
back  of  the  piston  just  strong  enough  to  force  it  out  when  no 
air  is  admitted.  No  loss  of  power  results,  as  the  energy  stored 
up  in  it  on  the  back  stroke  is  given  out  on  the  front  stroke, 
and  it  serves  to  help  cushion. 

The  valve  also  is  provided  with  a  light  spring  sufficient  to 
keep  it  in  the  outer  end  of  its  travel  when  the  piston  is  at  rest, 
so  that  all  will  be  in  readiness  to  start  on  opening  throttle  valve. 
The  inertia  of  the  valve  on  the  down  stroke  is  sufficient  when 
the  piston  is  constantly  accelerating  in  velocity,  to  prevent  this 
spring  closing  the  valve  prematurely. 

The  proportion  of  expansion  can  be  determined  if  the 
clearances  are  known,  for  any  ratio  of  piston  area.  It  has  been 
found  that  for  air  the  proportion  of  10  to  3  is  good,  as  this 
gives  a  terminal  exhaust  pressure  of  about  2  pounds  per  square 
inch  if  80  lbs  were  the  initial  pressure.  This  permits  of  prompt 
exhaustion,  and  no  vacum  is  formed  in  the  rear,  as  would  be 
the  case  if  greater  ratio  of  expansion  were  adopted.  Such  a 
ratio  could  be  used  with  steam,  as  a  condenser  might  be 
attached,  but  no  experiments  have  been  made  in  that  line. 

With  this  tool,  about  three  times  as  much  work  can  be 
done  with  the  same  volume  of  air,  as  with  a  direct  acting  tool, 
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exhausting  at  initial  pressure,  or  the  same  work  can  he  done 
with  £  of  the  volume  of  air.  It  may  he  seen  that  the  diameters 
of  the  tool  might  have  to  he  larger  to  etfect  these  results,  and 
that  the  mass  of  piston  would  he  larger  in  consequence.  In 
practice,  a  longer  stroke  has  been  adopted  in  order  to  avoid 
the  hack  kick,  due  to  large  diameters,  as  explained  earlier. 
The  length  of  stroke  does  not  atfect  the  ratio  of  expansion,  as 
the  volumes  in  front  and  rear  of  piston  change  in  definite 
proportion. 

The  velocities  attained  in  forward  and  back  strokes  in 

either  the  compound  or  single  acting  hammers,  can  he  calculated 

with  fair  accuracy,  when  the  diameters,  piston  areas,  pressure 

per  square  inch,  length  of  stroke  and  weight  of  piston  are 

known,  as  these  are  constants  or  known  variables.  The  amount 

of  friction,  leakage  and  loss  due  to  overcoming  inertia,  are 

difficult  to  determine  exactly. 

*/ 

Knowing  the  velocities  and  the  volumes  of  motive  fluid 
used,  the  number  of  strokes  per  minute  and  the  amount  of  air 
consumption,  can  he  closely  approximated,  and  in  practice 
count  of  the  number  of  strokes  and  accurate  measurement  of 
air  consumption  by  meter,  check  out  within  from  five  to  ten 
per  cent,  of  the  theoretical  results  figured. 

Thus  a  tool  can  he  intelligently  designed  to  do  the  work 
expected  of  it,  as  regards  force  of  blow,  frequency  of  stroke, 
and  air  consumption  at  any  given  pressure. 

This  valve  motion  would  seem  to  he  applicable  to  a  great 
variety  of  purposes,  even  to  running  a  compound  engine  with 
tolerable  economy.  The  power  of  the  stroke  due  to  expansion 
is  not  5  per  cent,  less  than  that  due  to  initial  pressure,,  on  the 
small  area,  and  a  machine  can  he  designed  to  strike  by  either 
initial  pressure  or  expansive  pressure,  as  desired.  The  latter 
has  been  chosen  as  giving  simpler  construction  in  the  tool. 

The  valve  motion  described,  and  the  anti-bouncer  arrange- 
ment,  are  covered  by  several  patents,  as  is  the  poppet  valve 
tool  described. 
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The  tools,  as  now  made,  run  very  satisfactorily  on  long 
and  severe  tests,  and  are  practicable  and  useful. 

Endurence  tests  of  materials  and  detail  parts  are  now  being 
made  with  the  view  of  discovering  all  weak  points. 

When  these  have  resulted  satisfactorily,  the  tools  will  be 
put  on  the  market. 

Owing  to  the  great  number  of  strokes  and  the  small  cyl¬ 
inder  volumes  in  the  tools  already  experimented  with,  it  has 
been  impossible  to  make  indicator  tests,  so  a  study  of  the 
action  of  tools  was  only  possible  by  observation  of  action,  air 
consumption  and  number  of  strokes  per  minute,  as  the  valve 
itself  could  not  be  seen  at  work.  It  followed,  that  bv  indue- 
tion  only,  CQuld  one  arrive  at  the  causes  of  some  of  the  erratic 
performances  and  failures  of  the  tools. 

May  11th,  1900. 

Note. — The  Engineers’  Society  is  indebted  to  the  “En¬ 
gineering  News'’  and  the  “Iron  Trade  Keview  ”  for  cuts 
illustrating  this  paper. 


DISCUSSION. 

Mr.  Scott — The  paper  is  one  of  the  most  interesting  and 
profitable  that  the  Society  has  heard.  It  is  the  story  through 
failure  and  trial  to  success,  and  those  of  us  who  have  had  any¬ 
thing  to  do  with  experimental  work  have  enjoyed  a  story  of 
this  kind  very  much.  It  is  a  story  of  the  different  points  that 
have  been  encountered,  and  in  which  one  point  after  another 
has  been  overcome  and  made  useful.  This  is  particularly  in¬ 
teresting  to  the  Society. 

Mr.  Gow — Mr.  Albree,  how  many  cubic  feet  of  air  is 
necessary  for  operation  of  an  ordinary  hammer  ? 

Mr.  Albree — I  would  say,  as  I  said  a  few  moments  ago, 
it  depends  upon  the  stroke  of  the  hammer.  It  is  a  little  indefi¬ 
nite  ;  but  you  can  safely  say  that  it  will  run  from  15  to  25 
cubic  feet  per  minute. 
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Mr.  Gow — I  put  the  question  to  an  agent  of  a  tool  on  the 
market  and  he  said  it  would  run  about  75  to  80  cubic  feet  per 
minute. 

Mr.  Albree — One  thin"  1  meant  to  say,  and  that  is  in 
regard  to  the  crystalization  of  the  parts  under  constant  ham¬ 
mering:.  I  have  tried  almost  every  kind  of  steel  known  but 
have  not  yet  found  a  material  of  the  kind  for  those  valves 
that  won't  break  up  inside  of  two  or  three  days.  We  have 
had  recourse  to  valves  made  of  other  materials,  which  have 
given  very  great  success.  I  do  not  care  to  say  just  at  the 
present  time  what  this  material  is.  1  would  like  also  to  make 
acknowledgment  to  the  Pittsburg  Supply  Co.  for  the  loan  of 
the  two  big  air  tanks. 

Mr.  IIiksch — I  think  this  Society  is  very  much  indebted 

%J 

to  Mr.  Albree  for  this  very  interesting  paper. 

It  was  voted  that  the  thanks  of  the  Society  be  tendered 

*/ 

Mr.  Albree  for  his  excellent  lecture. 

It  was  also  voted  that  the  chairman  of  the  Programme 
Committee  (Mr.  Albree)  get  up  a  paper,  whenever  he  had  any 
difficulty  in  finding  anybody  else  to  do  it. 

On  motion  the  Society  adjourned  at  10:20  P.  M. 

Reginald' A.  Fessenden, 

Secretary. 

MEETING  OF  THE  CHEMICAL  SECTION. 

Pittsburg,  Pa.,  May  17,  1000. 

Regmlar  meeting:  of  the  Section  held  in  the  east  lecture 
room  at  the  Carnegie  Library.  Fifteen  members  were  present. 

It  was  decided  by  mutual  consent  to  continue  the  assem¬ 
bling  at  a  convenient  place  for  dinner  before  the  meeting. 

The  meeting  then  adjourned  to  the  reference  room  where 
the  members  spent  the  evening  in  examining  the  excellent 
technological  library. 

G.  O.  Loeffler, 

Secretary. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two-hundred  and  sixth  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in 
the  Lecture  Room  of  the  Society's  House,  410  Penn  Avenue, 
Pittsburg,  Pa.,  Tuesday  evening,  June  19,  190P,  thirty-nine 
members  and  visitors  being  present.  The  meeting  was  called 
to  order  at  8:30  o’clock,  the  Vice-President,  Mr.  II.  W. 
Fisher,  being  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

For  the  Board  of  Directors,  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 
meeting. 


MR.  SUMNER  B.  ELY,  -  -  Assistant  Superintendent, 

McKees  Rocks  Plant  of  Pressed 
Steel  Car  Company. 


MR.  HOMER  EDWIN  WHITMORE,  General  Engineer, 

With  E.  K.  Morse,  511  Larimer 
Avenue,  Pittsburg. 

The  following  gentlemen  were  balloted  for  and  duly  elected 

O  O  i/ 

to  membership  : 


HARRISON  W.  CRAVER, 

ROBERT  C.  FALCONER, 


ARTHUR  B.  JONES, 


Reference  Assistant  in  Technical  Sci¬ 
ence, 

Carnegie  Library,  Pittsburg,  Pa. 

Assistant  Engineer, 

With  Pennsylvania  Co.,  care  Penn¬ 
sylvania  Co.  Penn  Avenue,  Pitts¬ 
burg. 

Manager, 

Versailles  Works,  The  Baker  & 
Adamson  Chemical  Co.,  Versailles, 
Pa. 
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KRISTIAN  A.  JUTHE,  -  -  Superintendent, 

Pittsburg  Screw  &  Bolt  Colt  Co., 
Pittsburg,  Pa.,  326  Princeton  Place, 
E.  E.,  Pittsburg,  Pa. 

HEW  C.  TORRENCE,  -  -  Manager, 

Pittsburg  Office,  The  Brown  Hoist¬ 
ing  and  Conveying  Machine  Com¬ 
pany,  Cleveland,  Ohio.  1112  Car¬ 
negie  Building,  Pittsburg,  Pa. 

None  of  the  committees  had  any  reports  to  make. 

Mr.  Sch  ellen  berg  :  Gentlemen,  our  attention  has  been 
called  to  the  new  photograph  of  our  Ex-President,  Mr. 
William  Metcalf,  who  is  probably  one  of  our  oldest  members. 
I  move  that  we  acknowledge  its  receipt  with  our  thanks  as  a 
token  of  the  appreciation  of  the  society.  Motion  Carried. 

Mr.  Albree  presented  the  following  letter  from  the  En¬ 
gineers’  Society  of  Western  New  York. 

To  the  Secretary  of  the 

Engineers’  Societv  of  Western  Pennsylvania, 

'  R.  A.  Fessenden,  Esq., 

410  Penn  Avenue,  Pittsburg,  Pa. 

Dear  Sir  : — 

The  Pan-American  Exposition  to  be  held  in  this  city  from 
May  1st  to  November  1st,  1901,  will  be  carried  out  in  a 
manner  and  on  lines  unequaled  by  any  previous  Exposition 
held  in  this  Country,  excepting  the  World’s  Fair  of  1893,  and 
in  some  respects  will  distance  even  the  latter. 

As  will  be  seen  by  the  literature  sent  you  herewith  it  is 
intended  to  house  the  exhibits  in  buildings  presenting  a  beau¬ 
tiful  outline  and  setting,  and  by  the  individual  States  and  by 
the  Republics  and  Colonies  of  this  Hemisphere  there  is  no 
question  that  the  educational  results  which  will  follow  the 
Exposition  will  be  great. 

In  view  of  the  foregoing  the  Engineers’  Society  of 
Western  New  York  have  considered  it  opportune  to  call  the 
attention  of  Engineering  Societies  throughout  the  Continent  to 
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this  Exposition,  as  presenting  a  most  favorable  opportunity  to 
gather  together  an  engineering  exhibit  and  for  holding  either 
a  joint  congress,  or,  that  each  Society  might  hold  its  annual 
Convention  during  the  Exposition. 

The  above  Society  appointed  the  undersigned  a  committee 
to  consider  the  question  of  such  an  exhibit  and  Convention  or 
Conventions  as  suggested  and  to  present  a  plan  therefor  to  the 
Society,  on  June  4th,  1900. 

To  assist  us  in  formulating  such  a  plan  we  would  be 
pleased  to  receive  suggestions  from  you,  or,  if  possible,  from  a 
Committee  of  your  Society,  as  to  the  probability  of  our  being 
able  as  joint  Societies  to  install  such  an  exhibit  and  if  you 
would  favor,  either  a  joint  Convention,  or,  separate  Conven¬ 
tions  of  Engineering  Societies  at  this  city  during  1901. 

We  believe  that  with  such  an  exhibit  of  models,  drawings, 
plans,  etc.,  of  engineering*works,  as  could  be  collected  in  this 
Country  and  South  America,  and  with  Convention  during  the 
Exposition,  most  beneficial  results  could  be  secured  by  all 
participating  therein.  By  replying  to  the  above  before  June 
4th,  you  will  confer  a  great  favor  on  the  undersigned. 

J  %J  O  C 

Thomas  W  Kvatovs 


Committee 
of  the 


of 

Western  New  York. 


Mr.  Albree — While  we  may  not  all  be  able  to  go  there  it 
would  add  a  great  deal  to  the  pleasure  of  those  who  do,  as 
there  will  be  steps  taken  to  entertain  the  visiting  engineers.  It 
seems  to  me  it  would  be  well  for  us  to  offer  our  co-operation 
and  assistance.  I  would  propose  the  following  : 
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Kesolved :  that  it  is  the  sentiment  of  the  Engineers’ 
Society  of  Western  Pennsylvania  that  a  union  meeting  of  the 
various  Engineering  Societies  of  this  and  other  lands,  to  be 
held  in  Buffalo  some  time  during  the  Pan-American  Exposi¬ 
tion,  for  discussion  of  engineering  topics,  combined  with  draw¬ 
ings  and  other  objects  connected  with  the  profession,  would 
be  desirable  ;  and  that  this  Engineers’  Society  will  heartily  co¬ 
operate  with  the  Engineers’  Society  of  Western  New  York  in 
forwarding  the  success  of  the  project. 

Mr.  Johnson — What  time  is  that  meeting  to  be  ? 

Mr.  Fisher — The  time  is  not  specified.  It  is  to  be  some 
time  during  the  Exposition  which  is  from  May  1st  to  Novem¬ 
ber  1st. 

Mr.  Albree — 4s  I  understand  the  matter  no  definite 
plans  have  been  formulated,  but  they  want  to  know  if  we  will 
co-operate  with  them.  It  could  be  taken  up  and  a  committee 
appointed  to  consult  with  them. 

Mr.  Fisher — I  think  this  movement  is  a  commendable 
one,  and  it  is  always  attended  with  much  good  to  have  meet¬ 
ings  of  this  kind  during  an  Exposition.  I  think  it  ought  to  be 

hear  til  v  endorsed. 

«/ 

Mr.  Scott — I  am  not  quite  clear  as  to  what  the  word  co¬ 
operate  means  in  the  resolution.  Does  that  mean  financial 
co-operation  in  the  general  arrangement,  or  does  it  mean  that 
we  shall  help  to  furnish  the  exhibits,  models,  drawings,  etc  l 
It  might  be  made  to  apply  that  we  were  to  make  such  appro¬ 
priations.  It  seems  to  me  that  it  is  a  little  more  than  we  are  at 
this  time  ready  to  commit  ourselves  to.  We  are  in  general 
sympathy  with  the  movement,  but  their  plans  are  not  definitely 
laid  out,  and  it  seems  to  me  that  it  would  be  well  for  us  to 
communicate  with  them  as  a  society  or  through  a  committee 
which  we  could  appoint,  stating  our  general  accord  with  the 
plan  and  asking  them  in  what  way  we  can  co-operate  and  help 
them.  Get  their  suggestions  and  then  we  can  reply  as  we  see 
fit.  Probably  Mr.  Albree  has  such  an  idea  in  making  the  motion. 
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Mr.  Albree — I  will  amend  that  motion  and  will  move 
that  the  president  appoint  a  committee  of  three  to  take  up  the 
matter  with  the  Engineers'  Society  of  Western  New  York. 

A  Member — The  committee  should  he  given  considerable 
power  to  go  ahead  and  formulate  plans,  as  our  next  regular 
meeting  does  not  occur  until  next  September,  and  I  suppose 
a  great  deal  will  have  to  be  done  before  that  time.  I  think 
the  committee  should  be  empowered  to  act  for  the  society. 

Mr.  Enstrom — I  do  not  see  the  object  of  the  motion.  I  do 
not  see  the  necessity  of  a  special  committee.  I  think  Mr. 
Albree  should  allow  the  matter  to  be  laid  before  the  Board  to 
take  such  action  as  they  think  necessary. 

Mr.  Johnson — Before  you  put  that  motion  I  would  sug¬ 
gest  that  the  Board  will  not  hold  any  meeting  until  September, 
unless  they  are  called  specially  to  attend  to  this  matter. 

Mr.  Fisher — I  might  sav  that  this  matter  was  brought 
up  at  the  Board  meeting.  It  was  of  such  importance  that  the 
Board  thought  it  should  be  brought  before  the  society  take 
action  on  it. 

Mr.  Albree’s  motion  as  amended  was  stated.  Moved  that 
the  president  appoint  a  committee  of  three  to  take  up  the 
matter  with  the  Engineers’  Society  of  Western  New  York. 
Motion  Carried. 

The  president  appointed  the  following  members  to  act  on 
this  committee. 

Messrs  :  C.  B.  Albree,  II.  W.  Fisher,  C.  W.  Ridinger. 

Next  in  order  was  the  paper  of  the  evening  by  Mr. 
Sumner  B.  Ely,  entitled,  “The  Pressed  Steel  Car,  With  Some 
Experiences  in  Erecting  Them  in  Egypt." 
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THE  PRESSED  STEEL  CAR,  WITH  SOME 
EXPERIENCES  IN  ERECTING  THEM 

IN  EGYPT. 

BY  SUMNER  B.  ELY, 

Pressed  Steel,  as  we  know  it  to-day,  being  quite  a  modern 
invention,  it  may  be  of  interest  to  hear  of  some  of  the  details 
of  its  manufacture.  I  propose  to  talk  on  the  processes  and 
means  of  handling  pressed  steel,  in  the  construction  of  an  all 
steel  railway  car,  particularly  as  done  by  the  Pressed  Steel 
Car  Company  of  this  city. 

I  have  said  that  pressed  steel  was  a  modern  invention; 
however  the  idea  of  shaping  steel  by  means  of  dies  is  probably 
very  old,  but  the  idea  of  pressing  large  plates  into  irregular 
shapes  of  all  descriptions  is  quite  new. 

We  are  all  familiar  with  the  corrugated  boiler  flue  ;  and 
these  little  models  illustrate  well  its  advantage  over  the  straight 

flue.  This  first  model  is  a  miniature  boiler  flue,  made  of  very 

•  «/ 

thin  material  and  is  quite  flexible  to  the  pressure  of  one's  fin¬ 
gers.  The  other  is  a  model  of  the  corrugated  flue,  made 
exactly  of  the  same  amount  and  thickness  of  material  as  the 
first ;  and  in  all  respects  like  it  except  for  the  corrugation. 
The  immense  stiffness  of  the  latter  is  astonishing.  The  corru- 
gated  flues  are  manufactured  by  the  Fox  Pressed  Steel  Com¬ 
pany  of  Leeds,  England,  who  also  manufacture  pressed  steel 
cars  of  various  descriptions,  including  a  pressed  steel  truck. 
An  American  Fox  Pressed  Steel  Company  was  started,  using 
the  English  designs,  but  manufacturing  the  trucks  only,  and 
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not  the  car  bodies.  At  this  time  the  Schoen  Pressed  Steel 
Company  was  manufacturing  a  pressed  steel  truck,  and  many 
specialties  of  pressed  steel ;  and  rapidly  developed  an  American 
steel  car.  To  one  at  all  familiar  with  the  difference  between 
American  and  English  railway  practice,  the  difference  in  de¬ 
sign  of  the  Fox  and  the  Schoen  steel  car  is  not  astonishing. 
Most  of  the  cars  built  by  the  Fox  Company,  however,  are  for 
use  in  India,  where,  on  account  of  the  white  ant,  I  am  told  it 
is  impracticable  to  use  wood. 

The  Fox  Pressed  Steel  Company  of  America  and  the 
Schoen  Pressed  Steel  Company  are  now  consolidated  into  the 
Pressed  Steel  Car  Company. 

There  have  been  within  the  last  fifty  years  a  few  attempts 
to  build  steel  cars,  but  so  far  as  I  am  aware,  excepting  the 
Schoen  and  Fox  Companies,  these  cars  have  been  built  like  a 
bridge — i.  e. ,  of  rolled  sections  and  plates.  These  were  not  a 
success,  probably  due  to  both  theoretical  and  financial  reasons. 

This  brings  us  to  the  theory  of  pressed  steel  and  its 
advantage  over  a  built  up  structure.  Expressed  concisely, 
pressed  steel  gives  us  maximum  strength  for  minimum  weight. 
As  an  example  take  a  channel  say  30  feet  long,  which  is  used 
as  a  side  sill  of  a  car.  Suppose  that  for  purposes  of  strength 
we  require  the  web  to  be  \  inch  thick  and  17  inches  deep  at 
the  point  of  greatest  stress.  If  the  channel  is  rolled  it  must 
be  17  inches  deep  its  whole  length,  whereas  one  that  is  pressed 
may  be  17  inches  at  its  centre  and  taper  to  say  10  inches  at 
its  ends,  as  shown  in  figure  1. 


Fig.  1. 
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Thus  we  have  the  same  strength  as  given  by  the  rolled 
section  of  uniform  depth,  and  about  one-third  less  weight. 
This  principle  of  being  able  to  place  the  metal  where  needed, 
applies  to  all  pressed  steel  work;  and  as  before  stated  gives 
the  necessary  strength  with  the  minimum  amount  of  material. 

Another  immense  advantage  of  a  pressed  steel  car  over 
one  built  of  rolled  shapes  is  the  great  reduction  in  the  number 
of  rivets.  The  pressed  car  is  made  of  a  few  very  large  pieces 
pressed  into  the  proper  shape  with  necessary  flanges,  while 
the  rolled  car  is  made  up  of  many  small  pieces  and  connecting 
angles  ;  hence  the  very  greatly  increased  number  of  rivets. 

Let  us  look  at  what  figures  we  obtain  in  the  case  of  a 
pressed  steel  ore  car  such  as  used  by  the  Great  Northern  Kail- 
road  (marked  L.  S.  &  I.).  This  car  is  of  the  double-hopper 
bottom  type  as  shown  in  the  photograph,  and  will  carry  100,- 
000  pounds  of  ore.  The  photograph  of  the  wrecked  car  is 
introduced  as  it  shows  the  shape  of  the  car  inside.  The  light 
weight  of  the  car  is  28,800  pounds,  giving,  with  the  load,  a 
weight  on  the  rails  of  128,800  pounds.  Now,  dividing  the  total 
weight  on  the  rails  by  the  light  weight,  we  obtain  about  23  per 
cent.,  which  represents  the  dead  weight  that  must  be  hauled, 
while  77  per  cent  of  the  total  weight  hauled  is  the  paying  load. 
Let  us  look  at  a  wooden  car  as  a  comparison — the  best  of  them 
will  hardly  show  35  per  cent,  dead  weight.  Granting  a  case 
of  33  per  cent,  we  then  find  with  the  23  per  cent,  of  the  steel 
car,  a  gain  of  10  per  cent.  This  means,  not  only  with  the 
same  number  of  locomotives  can  10  per  cent,  more  paying  load 
be  hauled,  but  it  means,  remembering  that  the  ordinary  wooden 
car  has  a  capacity  of  60,000  pounds,  many  less  cars  on  the 
road  ;  with  that  same  reduction  in  journals,  moving  parts  and 
train  lengths;  the  advantage  of  which  it  is  unnecessary  for  me 
to  mention.  A  steel  car  always  seems  to  me  somewhat  like  a 
steel  ship.  If  we  had  a  vessel  built  of  wood  with  the  tonnage 
that  the  St.  Louis  has,  it  would  have  a  greater  displacement,  or 
what  is  the  same  thing,  weight,  than  has  the  St.  Louis.  Certain 
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it  is  that  a  car  capable  of  carrying  a  heavy  load  is  lighter  when 
built  of  steel  than  of  wood.  This  somewhat  explains  why  a 
steel  car  has  a  less  first  cost  per  carrying  ton,  than  has  a  wood¬ 
en  one.  So  that  not  only  does  the  steel  car  show  a  superiority 
in  saving  from  dead  weight,  but  also  in  first  cost,  outside  of 
any  gain  due  to  longer  life,  saving  in  cost  of  repairs,  etc. 

1  might  here  add  that  one  of  the  first  questions  brought 
up  is  that  of  rust.  This  is  a  large  subject  which  would  take  a 
paper  by  itself.  Suffice  it  to  say  that  so  far  experience  has 
shown  no  trouble.  The  ordinary  steel  hopper  bottom  car  has 
an  inside  bright  like  a  shovel  and  the  outside  should  be  painted 
at  least  once  a  vear. 

You  are  probably  all  familiar  with  the  manufacture  of 
steel  cars  to  a  greater  or  less  extent.  The  steel,  after  coming 
from  the  steel  yard,  goes  into  the  shearing  department,  then  to 
the  pressing  department,  then  to  the  punching  department,  and 
then  into  what  is  called  the  construction  department.  In  this 
department  the  floors,  ends  and  sides  of  the  cars  are  assembled 
and  riveted  together,  all  the  machine  rivets  being  driven  here. 
Then  these  parts  go  into  the  erection  shop,  where  they  are 
fitted  together  to  form  the  car  and  finally  hand  riveted. 

In  the  shearing  department  are  shears  of  various  sizes, 
kinds  and  capacities.  However,  most  of  the  work  is  that  of 
shearing  plates,  which  seldom  run  thicker  than  f-  of  an  inch. 
The  special  feature  of  this  department  is  the  various  odd 
shapes  that  have  to  be  cut ;  and  many  problems  arise  of  laying 
out  on  a  flat  surface  the  shape  of  a  complicated  pressed  piece. 
This  will  require  some  modification  of  the  ordinary  way  of 
developing  solids  as  given  in  text-books  on  descriptive  geome¬ 
try,  due  to  the  stretching  of  the  piece ;  especially  when  the 
piece  is  to  be  pressed  hot.  These  shapes  involve  many  special 
shear  knives,  made  with  proper  curves  and  offsets,  as  many 
of  the  cuts  are  impossible  on  the  ordinary  shear.  Some  pieces 
after  pressing  are  trimmed  by  the  shears  ;  but  a  very  great 
number  are  of  such  shapes  that  it  is  impossible  to  do  this  after 
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once  being  pressed.  Hence  you  can  see  the  importance  of 
getting  the  flat  blank  correct  to  start  with.  In  the  Fox 
Pressed  Steel  Company,  in  England,  I  noticed  that  they  had 
several  special  machines  and  heads  for  shearing  pressed  shapes 
that  the  ordinary  plate  or  angle  shears  would  not  catch.  This, 
however,  is  an  unnecessary  operation,  even  from  a  standpoint 
of  looks,  as  these  pieces  so  trimmed  were  not  seen  when  in 
position  on  the  car  ;  and  illustrates  the  fact  that  the  English 
devote  more  time  to  the  finish  of  machinery  than  we  here  in 
America  think  necessary. 

In  the  pressing  department,  which  is  perhaps  the  special 
feature  of  the  business,  there  are  presses  of  all  sizes  and 
capacities,  from  30  or  40  tons  up  to  800  tons.  You  are  all 
familiar  with  the  action  of  these  presses,  which  are  worked 
entirely  by  hydraulic  pressure.  Most  are  built  by  Bement, 
Miles  &  Company,  and  consist  essentially  of  four  upright 
columns  set  in  a  heavy  iron  foundation,  at  the  top  of  which  in 
a  horizontal  position  is  the  top  plate  of  the  press  ;  and  against 
this  comes  a  moveable  bottom  plate,  the  piece  to  be  pressed 
lying  between  the  two.  Very  important  factors  in  pressing 
are  the  dies  or  forms  between  which  the  piece  is  shaped. 
These  dies  are  always  made  in  two  portions,  the  upper  half 
being  bolted  to  the  top  plate  of  the  press  and  the  lower  half  to 
the  bottom.  Naturally,  from  the  work  done  these  dies  vary  in 
size  from  the  small  ones  of  a  few  inches  to  ones  that  measure 
10  or  15  feet;  most  of  them  are  made  of  cast  iron,  and  many 
have  hard  steel  wearing  strips  that  can  easily  be  replaced  when 
worn  by  the  rubbing  of  the  pressed  pieces.  It  is  hard  to  say 
what  the  best  metal  for  a  die  would  be,  but  I  suppose  some 
alloy  will  some  day  be  found  that  may  combine  the  neces¬ 
sary  properties. 

Some  of  the  work  done  on  these  presses  is  done  with  the 
piece  cold.  Other  shapes  are  such  that  it  is  impossible  not  to 
tear  the  piece  unless  it  has  been  heated  to  a  red  heat.  Some 
shapes  are  such  that  two,  three  or  more  pressings  by  different 
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dies  are  necessary  ;  each  operation  bringing  the  piece  a  stage 
nearer  the  shape  desired.  In  hot  work  the  dies,  will  of  course, 
expand  and  contract  with  heat  ;  a  die  8  feet  long  will  expand 
somethimg  like  -J  of  an  inch,  and  it  is  of  course  necessary  that 
the  dies  be  at  the  proper  temperature,  independently  of  what 

may  be  the  temperature  of  the  piece  ;  so  that  here  comes  in  a 
little  complication  and  this  point  must  be  watched  closely  in 

order  to  obtain  satisfactory  results. 

Another  point  in  this  connection  which  I  alluded  to  when 
speaking  of  shearing  blanks,  is  the  stretch  of  the  pressed 
piece.  The  best  way  to  make  this  clear  will  be  to  take  an 
example  of  a  piece  of  the  following  shape  as  in  figure  2. 


r — * 

> 

c  > 

c 

t 

v  ; 

Fig.  2. 

The  steel  used  in  this  piece  is  f  inch  thick  with  a  width  of 

6  inches.  At  the  point  shown  by  the  dimensions  UA”  the 

thickness  will  be  diminished  about  inch  ;  and  as  you  caliper 

down  from  this  point  the  thickness  gradually  increases  to  f 

inch.  The  top  flanges  will  show  no  appreciable  stretch.  The 

total  length  of  the  steel — about  60  inches — will  stretch  about 

4  inches  ;  so  that  the  piece  will  be  cut  4  inches  shorter  than  the 

figured  length  would  indicate. 

©  © 

The  sketch,  figure  3,  shows  the  outlines  of  the  top  and 
bottom  dies  ;  the  top  die  has  an  increase  in  width  of  inch  at 
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A  over  that  at  B  otherwise  there  would  he  a  hump  at  these 
points  on  the  inside  of  the  pressed  piece.  I  he  lower  dies 
sides  are  of  course  straight. 


There  is  often  trouble  with  the  pressed  pieces  sticking  to 
the  dies  and  giving  a  distorted  piece  after  it  is  pried  out  with 
pinch  bars.  On  all  large  presses  a  false  bottom  is  employed 
to  overcome  this.  This  is  a  movable  piece  for  the  bottom  of 
the  lower  half  of  the  die  ;  and  in  the  above  figure  the  dotted 
lines  shown  on  the  lower  die  would  represent  the  sliding 
surfaces  ;  the  whole  portion  C  raising  and  thus  pushing  out 
the  piece.  This  is  actuated  by  a  small  piston  inside  the  large 
piston  of  the  press.  Thick  oil  is  also  a  help  and  has  the 
advantage  of  saving  the  wear  on  the  die  ;  and  also  in  hot  work 
it  burns  on  the  piece  helping  to  keep  the  proper  temperature 
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while  the  piece  is  being  adjusted  to  the  gauges.  Sometimes 
dies  are  constructed  as  shown  in  figure  4,  still  using  the  same 


shape  already  shown  as  an  example.  The  upper  portion  of 
the  die  being  made  in  three  pieces,  the  portions  A  sliding  on 
B,  the  wedges  thus  release  as  soon  as  the  press  is  lowered. 

Presses  are  also  much  utilized  for  gang  punching,  shear¬ 
ing  and  slotting.  In  these  operations  the  same  methods  arc 
pursued,  the  dies  being  constructed  to  hold  punches  or  shear 
knives.  Many  odd  shaped  blanks  are  cut  out  complete  at  one 
stroke  :  it  would  be  hard  to  say  what  maximum  number  of 

•J 

holes  could  be  punched  at  one  stroke  ;  but  if  the  punches  are 
made  in  different  lengths,  it  allows  an  even  distribution  of 
pressure  throughout  the  stroke.  Thus  by  proper  adjustment 
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of  this  lead  of  one  punch  over  another,  according  to  the 
number  of  punches  used,  the  maximum  capacity  of  the  press 
can  be  reached.  The  same  may  be  said  of  the  shearing,  the 
proper  angles  being  given  to  the  knives. 

If  an  ordinary  steam  engine  indicator  with  the  proper 
reducing  valve  be  attached  to  the  cylinder  of  the  press,  and  a 
rig  attached  to  the  movable  press  plate,  the  following  card 
diagram  will  show  the  general  results  obtained  when  a  single 
straight  flange  is  turned  up  on  a  plate. 


The  line  A  A  is  the  atmospheric  line  and  the  height  a  b 
shows  the  pressure  required  to  lift  the  press  and  with  it  the 
lower  die  and  plate  to  be  pressed  on  it.  From  b  to  c  the  press 
is  steadily  moving  upward,  and  at  the  point  c  the  material  is 
engaged  between  the  dies.  From  c  to  d  the  piece  is  being 
flanged,  d  being  the  point  where  the  flange  has  gone  through 
T5°;  this  of  course  will  be  the  maximum  pressure  required, 
and  from  here  on  the  pressure  falls  to  e.  At  e  the  two  dies 
come  together  and  the  full  accumulator  pressure  is  obtained, 
thus  carrying  the  line  to  f.  The  moment  the  press  is  released 
the  pressure  falls  to  g  and  the  press  runs  down  to  the  point 
h,  the  line  gh  being  at  a  greater  preasure  than  ab,  for  at 
this  time  the  false  bottom  is  forcing  the  piece  out  of  the  die  ; 
h  being  the  point  at  which  the  false  bottom  valve  is  closed. 
The  line  i  then  returns  to  a  the  press  falling  under  the  action 
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of  gravity;  and  the  line  i  - being  slightly  lower  than  cb  as  the 
exaust  water’s  friction  in  the  pipes  is  overcome  by  the  weight 
of  the  press  only.  From  a  study  of  this  card  it  will  be  seen 
that  the  high  pressure  at  f  was  not  a  necessary  condition  to  do 
this  work  ;  that  at  d  being  all  that  is  absolutely  required.  By 
practice  and  experiment  it  has  been  found,  that  while  some 
pieces  of  pressed  work  will  require  the  full  accumulator  pres¬ 
sure,  a  very  large  number  do  not,  as  in  the  example  taken 
above.  Consequently  if  a  device  can  be  obtained,  by  means  of 
which  we  can  obtain  a  higher  pressure  than  the  accumulator 
has,  it  will  be  a  saving  in  many  ways.  This  is  done  by  means 
of  an  intensifier,  under  the  press,  operated  on  the  principle  of 
differential  areas.  To  go  back  to  our  indicator  diagram,  d 
would  represent  the  accumulator  pressure  and  f  the  pressure 
after  the  intensifier  has  been  thrown  in.  The  theoretical  gain 
will  be  immediately  apparent,  for  in  one  case  the  steam  pumps 
must  keep  the  water  pressure  constantly  at  f,  while  in  the  other 
the  accumulator  will  always  be  up  at  the  pressure  shown  at  d. 
Other  advantages  in  the  way  of  having  less  pressure  on  the 
main  pipe  lines,  less  friction,  etc.,  are  readily  seen. 

Leaving  the  pressing  department,  the  steel  goes  to  the 
punches.  Some  few  special  machines  are  used,  but  mostly  the 
ordinary  single  punch.  The  templets  by  which  the  position  of 
the  hole  is  marked  on  the  piece  are  of  the  ordinary  bridge 
type,  and  made  generally  of  wood.  As  there  must  always  be 
slight  variations  in  pressed  pieces,  the  ideal  templet  would  be 
a  flexible  one,  that  would  fit  the  piece  closely  under  all  condi¬ 
tions.  If  a  material  could  be  obtained  like  fairly  hard  rubber 
it  would  be  just  the  thing.  Attempts  at  hinging  and  jointing 
templets  have  so  far  not  proved  very  satisfactory. 

The  riveting  machines  used  are  of  all  sizes,  shapes  and 
kinds.  The  greater  number  are  actuated  by  hydraulic  power, 
but  air  is  also  used.  Many  pneumatic  hand  riveters,  chippers, 
reamers,  etc.,  are  necessary.  This  department  is  nearest  to 
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bridgework,  with  the  machines  closely  spaced  and  plenty  of 
overhead  cranes. 

In  the  erecting  shop  the  large  parts  of  the  cars  are  fitted 
together  by  night  and  riveted  by  day,  a  gang  leader  and 
gang  being  required  to  fit  a  certain  number  of  cars  ready  for 
the  gang  and  leader  who  comes  on  in  the  morning  to  do  the 
riveting  ;  thus  taking  2d  hours  to  complete  a  car.  I  might 
state  here  that  all  work  of  all  descriptions  is  done  by  piece 
work  throughout  the  whole  plant. 

The  cars  lastly  go  into  the  paint  shop  for  brake  equipment, 
door  adjustment,  etc.  The  plant  requires  many  additional 
departments,  such  as  the  truck  shop,  axle  and  wheel  shop, 
pattern,  machine  and  blacksmith  shops  ;  all  supplying  various 
parts  but  none  of  which  contain  any  specially  novel  features. 
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Mr.  Albree,  who  was  so  kind  as  to  ask  me  to  speak  here, 
also  asked  me  to  say  something  about  Egypt,  where  I  had  the 
good  fortune  to  be  sent  some  year  and  a  half  ago,  with  a  num¬ 
ber  of  steel  cars  that  the  Pressed  Steel  Car  Company  erected 
there.  There  were  100  of  these  cars,  and  all  sent  in  one 
steamer  ;  I  following  later  by  a  different  route.  I  have  very 
little  to  say  in  regard  to  getting  them  loaded,  shipped  and 
through  the  custom  house,  as  everything  went  smoothly. 

The  cars  were  essentially  of  the  American  flat  bottom 
gondola  type,  with  the  exception  of  some  few  modifications. 
They  were  bought  by  the  Egypt'an  government  to  run  from 
the  coast  to  Luxor,  some  six  hundred  miles  up  the  Nile. 

In  order  to  appreciate  the  circumstances  something  of  the 
geography  of  the  country  and  of  the  political  control,  must  be 
said.  You  will  recollect,  first,  that  Egypt  is  the  “gift  of  the 
Nile,’'  a  comparatively  flat  country,  consisting  solely  of  sand, 
the  only  earth  being  brought  by  the  river  and  deposited  when 
it  subsides  after  its  yearly  overflow.  So  that  the  country  is  a 
long  strip  of  cultivated  land,  reaching  a  few  miles  on  each  side 
of  a  river,  running  through  a  vast  desert.  At  Cairo,  how- 
ever,  the  Nile  branches  into  two  large  arms  and  forms  the 
large  delta,  it  being  somewhat  of  an  equilateral  triangle,  about 
125  miles  on  a  side  ;  this  entire  area  being  cultivated.  Here 
then  these  cars  were  to  run,  chiefly  through  the  Delta  but 
occasionally  up  the  Nile,  where  the  conditions  of  grit  and  blow¬ 
ing  sand  are  unparalleled.  The  journal  boxes  were  closed  with 
gaskets  under  a  bolted  lid,  and  the  dust  guards  were  a  very 
ingenious  and  somewhat  complicated  device.  The  rails  are 
laid  in  a  curious  fashion  on  good  sized  bell  shaped  castings 
some  two  feet  in  diameter  ;  no  ties  whatever  being  used.  These 
are  on  the  principle  of  the  camel's  foot,  hollow  underneath, 
and  buried  in  the  sand  with  the  large  diameter  down.  They 
are  laid  close  together,  forming  two  parallel  lines  of  foundations 
underneath  the  rails.  The  rails  were  simply  tied  together  at  the 
castings  by  a  flat  bar,  something  like  2  inches  by  \  inch,  run- 
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nin^  across  the  track.  As  there  is  no  rain  in  the  country,  there 
is  no  chance  of  the  tracks  settling,  and  they  were  equal  to  any 
road  bed  I  have  seen.  The  rolling  stock  is  nearly  as  heavy  as 
used  in  America,  and  there  were  a  number  of  locomotives 
which  Baldwin  had  sent.  The  steel  cars  were  100,000  pounds 
capacity,  but  the  loads  carried  were  rarely  more  than  80,000 
pounds.  The  cars  are  used  mostly  for  coal,  but  carry  also 
cotton,  various  vegetables,  and  any  general  freight. 

Egypt,  as  you  know,  is  dominated  now  by  the  English.  In 
the  time  of  Napoleon  the  French  were  the  masters  of  the 
country,  but  they  have  gradually  been  displaced  by  the  English. 
So  long  has  this  mixture  of  Arab  and  Ancient  Egyptian  been 
under  the  control  of  foreign  influence  that  1  doubt  their  ability 
to  rule  themselves.  The  English  quarter  of  Cairo  or  Alexan¬ 
dria  looks  as  any  handsome  European  or  American  city  ;  and 
in  the  native  quarter  the  English  have  instilled  law  and  order, 
and  any  one  is  perfectly  safe  from  insult  in  the  most  densely 
crowded  streets.  While  the  natives  are  tractable  and  a  peaceful 
people,  their  manners  and  customs  have  not  apparently  been 
affected  by  the  last  few  centuries  of  foreign  influence.  To-day 
when  you  walk  through  the  small,  narrow  streets,  sometimes 
thatched  over  to  keep  out  the  hot  sun,  you  see  again  the 
civilization  of  the  Arabian  Nights  ;  the  color  of  the  wonder¬ 
fully  different  garbs,  the  immense  turbans,  long  flowing  robes, 
the  donkeys  decked  in  brass  and  beads,  the  veiled  women,  the 
camels,  all  seem  to  the  stranger  like  a  huge  masquerade  gotten 
up  for  his  especial  benefit,  and  not  a  reality  outside  of  Fairy¬ 
land.  And  yet  the  way  the  natives  live  is  something  astound¬ 
ing  and  appalling  to  ordinary  ideas.  The  better  classes  live  in 
the  small,  densely  crowded  portions,  cleanliness  being  some¬ 
what  an  imaginary  quantity.  The  lower  classes  live  in  mud 
huts  ;  goats,  buffaloes,  dogs,  people,  rats,  and  not  the  least  of 
all  these,  the  flea,  all  dwell  together  in  the  same  hut,  in  peace 
and  harmony,  unconcious  of  the  lapse  of  ages  or  of  a  desire  to 
better  their  surroundings. 
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As  I  said,  everything  in  the  way  of  modern  civilization  is 
English;  the  shops  are  run  by  English,  the  foremen  are  Eng¬ 
lish  ;  a  large  number  of  natives  are  employed,  but  none  ever 
seem  to  become  anything  better  than  fair  workmen.  As  a  class 
they  are  the  laziest  lot  I  ever  beheld;  the  moment  you  turn 
your  back  they  sit  down — relax  into  disinterestedness,  not  only 
regarding  their  task,  but  of  life  in  general,  and  hopefully  trust 
that  Allah  will  finish  the  job  for  them.  In  fact  it  seems  as  if 
you  would  need  as  many  foremen  as  you  have  workmen,  in 
•order  that  each  may  watch  his  man.  The  ordinary  native 
common  laborer  receives  about  15  of  our  cents  for  twelve 
hours’  work  ;  and  when  he  is  one  of  the  few  who  has  superi¬ 
ority  enough  to  be  able  to  rivet  or  run  some  machine,  he  may 
then  possibly  receive  the  magnificent  sum  of  10  piastres  for 
12  hours’  work — equivalent  to  50  American  cents.  To  be 
sure  the  way  they  live,  50  cents  will  keep  them  for  more  than 
one  week  ;  although  the  cost  of  living  among  the  Europeans 
is  possibly  a  little  higher  than  here  in  America. 

I  said  the  Egyptian  government  bought  the  cars,  but  as 
the  government  is  officered  by  English,  the  railroad,  which  is 
owned  by  the  government,  is  entirely  run  by  the  English,  and 
all  shops  connected  with  it.  In  fact  the  order  for  the  cars 
came  from  London,  the  president  of  the  road  being  an  English 
army  officer.  Egypt  is  virtually  an  English  colony. 

I  personally  had  very  little  to  do  with  the  native  workmen, 

who  speak  only  Arabic,  and  this  being  something  of  a  patois. 

The  railroad  did  the  work  of  erecting  the  cars  ;  their  shops 

were  in  excellent  form,  with  modern  up-to-date  machinery;  the 

cars  were  put  together  in  a  good  manner  and  the  work  well 

done.  Some  amusing  things  occur  among  the  natives ;  it 

seemed  that  the  lubricating  oil  given  out  to  the  locomotive 

©  © 

engineers — some  of  whom  are  natives — was  being  used  in  such 
©  © 

large  quantities  as  to  attract  considerable  notice.  It  was 
finally  ascertained  that  this  oil  was  being  taken  home  as  a 
great  luxury.  Large  horse  beans,  which  have  that  proverbial 
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leather  coating,  were  stewed  for  days  in  this  oil,  until  they 
became  soft,  and  the  whole  served  up  as  a  most  savory  dish. 

There  was  a  story  told  while  I  was  there,  by  one  of  the 
superintendents  who  had  charge  of  the  locomotive  engineers. 
It  seems  that  the  express  that  runs  from  Alexandria  to  Cairo 
was  due  to  leave  in  the  afternoon,  but  as  it  approached  this 
time  no  engineer  put  in  his  appearance,  and  the  superintendent 
had  no  spare  men.  Finally  a  boy  came  in  to  say  that  the 
engineer  was  sick.  The  superintendent,  however,  was  well 
aware  that  he  was  not  sick  but  looking  for  a  holiday.  There 
were  at  this  time  a  few  cases  of  plague  in  the  city  and  when  a 
native  contracts  this  disease — which  is  the  outcome  of  all  the 
squalor  and  filth — he  is  very  secret  about  it,  dreading  to  have 
the  authorities  find  him  and  isolate  him.  The  superintendent 
made  the  remark  before  the  boy,  that  if  the  engineer  was  sick 
he  probably  had  the  plague,  and  that  he  would  send  for  him 
the  Black  Maria,  in  which  plague  victims  are  taken  to  the 
hospital.  The  boy  disappeared  and  the  incredibly  short  time  it 
took  the  native  engineer  to  put  in  an  appearance  was  credited 
by  the  fact  he  had  not  taken  time  to  put  on  his  gibbeh,  or  what 
we  would  term  outer  shirt. 

I  might  say  that  the  native’s  education  is,  of  course,  that 
of  his  ancestors  during  the  middle  ages,  except  that  to-day  there 
is  more  memory  and  less  reason  than  formerly.  One  of 
their  strongest  traits  is  the  love  of  the  best  of  a  bargain.  I 
remember  walking  through  their  bazaars  one  day,  being  inter¬ 
ested  in  these  small  stores,  as  we  would  call  them,  so  very 
closely  packed  together.  The  men  were  sitting  cross-legged 
in  the  small  openings  on  each  side  of  a  narrow  street ;  and  I 
saw  hanging  up  a  number  of  opium  pipes  which  took  my  fancy. 
They  were  made  of  cocoanuts  and  mounted  with  brass.  There 
is  no  fixed  price  on  anything  in  Egypt,  the  seller  puts  as  high 
a  price  as  possible  on  the  article,  and  the  buyer  is  supposed  to 
put  on  an  exceedingly  small  one,  coffee  being  served  and  often 
a  day  or  two  consumed  in  arriving  at  a  satisfactory  adjustment 


THE  PRESSED  STEEL  CAR 


183 


Egyptian  Locomotive,  Wooden  and  Steel  Car. 


184  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


— time  being  a  secondary  consideration  to  the  Egyptian.  I  was 
new  and  unaware  of  all  this,  and  the  native  was  not  slow  to  per¬ 
ceive  it.  He  spoke  a  few  words  of  English;  and  I  paid  him  his 
first  price  without  a  thought,  which  was  something  like  eighty 
piastres,  equivalent  to  about  four  dollars.  Some  time  after 
this  I  went  to  this  same  native  with  a  gentleman  whom  I  met 
in  Cairo,  and  who  had  lived  there  several  years,  and  had  the 
pleasure  of  seeing  him  purchase  a  duplicate  pipe  for  a  value  of 
fifty  cents.  When  anything  is  to  be  bought  it  is  imperative  to 
know,  approximately  at  least,  its  value  and  then  not  let  heaven 
nor  earth  make  you  change. 

I  want  to  thank  you  all  for  your  very  kind  attention,  and 
if  there  are  any  questions  I  will  be  very  glad  to  try  to  answer 
them. 

A  Member — Some  of  the  photographs  show  wrecks.  Have 
you  you  had  any  experiences  with  steel  cars  in  wrecks  ? 

Mr.  Ely — Yes,  I  have  seen  some  very  severe  ones  ;  one 
in  particular  not  far  from  Pittsburg  occurred  about  two  years 
ago.  In  it  were  three  steel  cars,  one  of  which  rolled  down  an 
embankment  of  about  80  feet.  A  long  freight  train  which  was 
standing  still  had  three  steel  cars  and  caboose  on  the  rear, 
and  was  run  into  from  the  rear  by  another  freight  train.  The 
steel  cars  were  all  damaged  and  bent,  but  remained  intact,  and 
none  of  the  parts  became  loose  or  wound  around  each  other  or 
tangled  with  adjoining  objects.  As  I  say,  the  cars  preserved 
their  entirety,  although  badly  bent  and  the  steel  torn  in 
many  places.  All  were  sent  to  shops  on  wrecking  trucks. 
The  caboose,  which  was  between  the  striking  locomotive  and 
and  the  three  steel  cars,  became  two  center  sills  with  a  few 
boards  on  them,  all  traces  of  a  superstructure  having  disap¬ 
peared.  The  wooden  car  directly  in  front  of  the  steel  cars 
was  of  the  flat  bottom  gondola  type,  and  this  car  had  to  be 
placed  on  a  flat  car,  as  two  side  and  one  center  sills  were  bro¬ 
ken. 


THE  PRESSED  STEEL  CAR. 


IK.") 


Mr.  Hirsch — Was  it  much  of  a  job  to  straighten  those 
cars  out  ? 

Mr.  Ely — No,  but  it  is  generally  cheaper  to  cut  the  pieces 
olf  and  put  on  new  ones. 

A  Member — Are  these  cars  fitted  up  with  interchangea¬ 
ble  parts  ?  i.  e.  can  you  replace  the  damaged  piece 

Mr.  Ely" — Yes,  the  piece  can  be  replaced. 

A  Member — Have  you  applied  any  steel  construction  to 
passenger  cars  ? 

Mr.  Ely — No,  we  have  not  done  so,  but  1  have  no  doubt 
that  in  the  course  of  time  it  will  be  done,  especially  for  the 
underframing.  Of  course  the  great  question  of  steel  is  the 
weight,  and  if  we  make  passenger  cars  heavier  than  the  wooden 
cars  used  at  present  we  have  no  increased  weight  to  carry  in 
them,  so  we  do  not  save  anything  in  theory. 

Mr.  Fisher — Gentlemen:  you  have  heard  a  very  inter¬ 
esting  and  instructive  talk,  and  I  am  sure  we  are  very  much 

O'  47 

indebted  to  Mr.  Ely  for  it. 

A  vote  of  thanks  was  tendered  Mr.  Ely  by  the  Society, 
for  his  excellent  talk. 

Mr.  Albree — I  want  to  say,  we  again  had  to  go  outside  of 
the  Society  to  get  a  man  to  give  us  a  paper.  I  think  it  a  very 
great  reflection  on  our  Society  that  the  committee  has  not  been 
able  to  get  a  paper  from  one  of  our  own  members.  I  want  to 
call  the  attention  of  the  Society  to  the  fact  that  if  we  cannot 
get  a  good  paper  from  the  members  of  the  Society,  we  can  get 
good  papers  from  men  who  are  not  in  the  Society. 

I  want  to  express  my  appreciation  of  the  excellent  dis¬ 
course  we  have  listened  to  this  evening. 

Mr.  Scott — I  do  not  know  whether  we  ever  had  a  chair¬ 
man  of  the  program  committee  who  was  not  forever  kicking, 
or  not.  At  the  last  meeting  he  had  to  give  a  paper  himself, 
one  of  the  best  we  have  had,  now  he  had  to  go  outside  of  the 
Society  to  get  a  first-class  paper,  and  also  got  a  new'  member. 

Mr.  Hirsch — I  would  like  to  ask  Mr.  Ely  one  question  ; 
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do  you  find  much  difficulty  in  getting  names  for  all  the  parts  ? 

Mr.  Ely — Oh  no,  we  coin  names  for  them. 

Mr.  Johnson — In  the  remarks  Mr.  Ely  made  he  men¬ 
tioned  something  about  whether  these  cars  would  rust  or  not.  I 
would  like  to  have  him  tell  me  whether  they  would  stand  fire 
and  water  both.  These  cars  are  used  in  shipping  coal  to  the 
lakes  and  bringing  back  ore,  and  in  the  winter  when  they  reach 
the  mills  it  is  a  solid  mass. 

The  mills  have  adopted  the  method  of  building  fires  under 
the  cars  to  thaw  them  out,  and  when  they  get  back  to  the  rail¬ 
road  they  are  not  in  the  same  condition. 

Mr.  Ely — Well,  I  cannot  say  as  for  that.  The  car  is 
certainly  not  a  storage  house,  and  if  you  take  a  wooden  car 
and  do  the  same  thing  with  it  you  will  find  that  the  result  will 
be  greatly  in  favor  of  the  steel  cars.  Under  ordinary  circum¬ 
stances,  they  ought  to  last  30  or  40  years,  with  any  kind  of 
care. 

On  motion  the  Society  adjourned  at  10  P.  M. 

Reginald  A.  Fessenden, 

Secretary. 


CHEMICAL  SECTION. 


June  21,  1900. 

Regular  meeting  of  the  Section  at  410  Penn  Avenue, 
called  to  order  by  the  Chairman,  Jas.  O.  Handy.  Seven  mem¬ 
bers  present. 

Minutes  of  previous  meeting  read  and  approved. 

Notes  on  recent  methods  of  analysis  and  references  to  new 
books  were  then  read  by  the  Chairman.  After  discussion  the 
meeting  adjourned  at  9  p.  m. 

Geo.  O.  Loeffler, 

Secretary,  C.  S. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  107th  regular  monthly  meeting  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  lecture  room 
of  the  Society’s  house,  110  Penn  Ave.,  Pittsburg,  Pa.,  Tues-* 
day  evening,  September  18,  1900,  thirty-one  members  and 
visitors  being  present.  The  meeting  was  called  to  order  at 
8.35  o’clock  by  the  President,  Mr.  W.  A.  Bole. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

For  the  Board  of  Directors,  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 
meeting: 

EDWARD  HOERLE,  -  -  Superintendent  of  Construction, 

Duquesne  Steel  Works  and  Blast 
Furnaces.  5649  Second  Ave., 
Pittsburg. 

FRANK  CLARENCE  NEWELL,  Electrical  Engineer, 

Westinghouse Air-brake  Co. (in  charge 
of  the  Electric  Brake  Dpt.),  423  Ross 
Ave.,  Wilkinsburg,  Pa. 

W.  H.  H.  CINDER,  -  -  Chemist, 

Amtrican  Sheet  Steel  Co., 
Yandergrift,  Pa. 

The  following  gentlemen  were  balloted  for  and  duly  elected 
to  membership: 

SL'MNER  B.  ELY,  ...  American  Sheet  Steel  Co., 

Yandergrift,  Pa.  House,  925  Bid  well 
St.,  Allegheny,  Pa. 

HOMER  E.  WHITMORE,  -  General  Engineer, 

With  E.  K.  Morse,  Carnegie 
Building,  Pittsburg,  Pa.,  House,  511 
Larimer  Ave.,  Pittsburg,  Pa. 
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For  the  Reception  Committee  Mr.  Beutner  reported  that 

they  had  not  done  anything  so  far  and  a  motion  was  passed  by 

the  Society  instructing  the  Reception  Committee  to  arrange  for 

a  smoker  to  be  held  at  an  early  date. 

«/ 

For  the  Library  Committee  Mr.  Hirsch  reported  that  they 
had  done  some  work  during  the  summer;  that  the  stock  of 
books  had  been  arranged  in  very  good  order,  and  that  those 
that  were  deemed  of  special  value  were  to  be  bound,  but  that 
the  Committee  were  of  the  opinion  that  there  were  some  of 
the  books  which  it  would  hardly  pay  to  haye  bound  until  the 

Society  could  better  afford  it. 

■«/ 

For  the  Financial  Committee,  Mr  Johnson  reported  that 
Mr.  Dayison,  as  Chairman,  had  intended  to  make  a  report, 
but  was  absent,  and  that  he  could  not  make  a  report  in  Mr. 
Davison's  absence. 

For  the  Pan-American  Committee,  Mr.  Albree  reported 
that  they  had  received  some  letters  on  the  subject  but  had  no 
definite  proposal. 

Mr.  Bole-  stated  that  there  were  two  deaths  among  the 
members  of  the  Society  since  last  meeting:  One  Mr.  James 
Hemphill,  one  of  the  oldest  members  of  the  Society;  the  other, 
Mr.  William  A.  Herron,  one  of  the  oldest  residents,  and  that 
as  it  was  the  usual  custom  in  such  cases  to  appoint  a  com¬ 
mittee  to  prepare  a  suitable  memorial,  he  would  request  the 
Secretary  to  notify  the  following  committees:  In  the  case  of 

Cj 

James  Hemphill,  Wm.  Metcalf  and  Julian  Kennedy;  in  the 
case  of  W.  A.  Herron,  Col.  Roberts  and  TT.  L.  Scaife. 

Mr.  Bole  stated  that  the  American  Society  for  the  Advance- 
ment  of  Science  held  a  meeting  this  summer  and  Professor  Bra- 
shear  asked  him  to  extend  an  invitation  for  the  Society  to  hold 
its  meeting  in  1901  in  Pittsburg,  which  letter  he  wrote,  and 
received  the  following  reply: 
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Washington,  D.  C.,  July  11,  1900. 

My  Dear  Sir: 

In  acknowledging  receipt  of  your  letter  of  2 2d  of 
June,  conveying  on  behalf  of  the  Engineers'  Society  of  A\  est- 
ern  Pennsylvania  an  invitation  to  this  Association  to  hold  its 
meeting  in  1901  in  Pittsburg,  it  gives  me  pleasure  to  inform 
you  that,  although  the  Association  was  practically  pledged  to 
go  to  Denver  in  1901,  the  decision  was  reached  that  it  will  be 
to  the  best  interests  of  the  Association  to  hold  its  meeting  in 
Pittsburg  in  1902. 

c 

Yours  very  truly, 

L.  O.  Howard. 


Mr.'Wm.  A.  Bole, 

President,  E.  S.  W.  P. , 

Mr.  Bole  also  stated  that  he  had  received  a  communica¬ 
tion  from  Gustave  Kaufman  who  was  elected  to  the  office  of 
Director,  who  stated  in  a  letter,  dated  June  19,  that  owing 
to  his  absence  from  the  city,  he  was  compelled  to  resign  as 
Director;  and  that  as  the  Board  of  Directors  was  empowered 
to  elect  a  member  to  till  the  vacancy  until  the  Society  at  large 
should  take  action  and  elect  a  successor,  the  Board,  in  view  of 
this  authority,  had  seen  tit  to  elect  Mr.  C.  B.  Connelly  until 
it  was  the  pleasure  of  the  Society  to  elect  a  successor,  and  if 
it  was  satisfactory  to  the  Society  to  allow  this  action  to  stand, 

Mr.  Connellv  would  act  as  director  until  the  regular  election 
*  © 

in  January. 

*/ 

Mr.  Johnson — Moved  on  the  part  of  Society  that  they 
indorse  the  action  of  the  Board  and  that  Mr.  Connellv  be  con- 
sidered  a  Director  until  the  next  election.  Motion  carried. 

The  next  in  order  was  the  reading  of  the  paper  of  the 
evening  by  Mr.  AY.  E.  Snyder,  entitled,  u  Blowing-Engines.' ’ 
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BLOWING  ENGINES. 

BY  WILLIAM  E.  SNYDER,  M.  E. 


Historical  Sketch. 

A  blowing  machine — French,  “ Machine  Souflante ”/  Ger¬ 
man,  “ Geblasse  Machine ”/  Italian,  “ Machina  Soffiante” / 
Spanish,  “Bofeton ,  ”  is  any  apparatus  used  for  forcing  a  con¬ 
tinuous  current  of  air. 

Among  the  multitude  of  uses  to  which  such  machines  are 
put,  may  be  mentioned:  to  supply  vital  air  to  close,  fetid  places, 
such  as  mines,  wells,  cisterns,  holds  of  ships,  etc. ;  to  supply 
currents  of  warmed,  cooled,  moistened  or  medicated  air  to 
public  buildings;  to  supply  a  drying  atmosphere  in  lumber, 
meal  kilns,  powder  mills,  etc. ;  to  assist  in  the  evaporation  of 
liquids  by  carrying  off  the  vapor;  to  assist  in  the  dispersion 
of  liquids  in  atomizers  and  in  some  ice  machines,  and  to  supply 
a  strong,  steady  blast  for  smelting,  smithing,  foundrying  and 
in  the  Bessemer  steel  process.  It  is  with  blowing  machines 
used  for  iron  smelting  and  for  the  Bessemer  process  that  this 
paper  is  concerned. 

The  first  blowers  in  use  were  a  primitive  form  of  bellows 
made  of  the  skins  of  wild  beasts.  In  1550  a  wooden  bellows 
was  made,  which  consisted  of  a  box  which  slipped  into  another, 
fitting  closely,  and  was  provided  wfith  the  proper  valves  for 
admitting  and  discharging  the  air.  About  1621,  Fannenschmid, 
of  Thuringia,  invented  a  blower  which  worked  upon  a  different 
principle.  This  was  a  flat  vane,  which  was  fixed  to  a  shaft  and 
moved  with  an  oscillating  motion  in  a  sector-shaped  box.  A 
somewhat  similar  invention  was  made  some  time  afterwards, 
which  consisted  of  two  flat  vanes  fixed  on  an  axis  about  thirty 
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decrees  apart.  The  axis  was  given  an  oscillating  motion  and 
the  vanes  moved  backward  and  forward  in  a  semi-cylindrical 
box.  A  valve  of  ingress  was  provided  in  the  bottom  on  each 
side  of  the  box.  Also  suitable  valves  in  the  vanes,  and  a  pipe, 
leading  from  the  top  of  the  case,  to  carry  off  the  air.  This 
was  the  germ  of  what  afterward  developed  into  the  modern 
fan  and  rotary  blower.  Then  the  apparatus  having  the  prin¬ 
ciples  of  the  modern  air  cylinder  began  to  be  introduced.  The 
earlier  types  embodied  the  elements  of  cylinder  and  piston, 
the  principal  differences  between  them  being  in  the  means 
employed  in  communicating  motion  to  the  piston,  and  in  the 
methods  used  to  secure  a  comparatively  uniform  blast  pressure. 

The  first  blowing  cylinders  were  single-acting.  Some¬ 
times  two  were  coupled  to  the  same  shaft  with  cranks  at  180 
degrees,  or  three  were  coupled  to  one  shaft  with  cranks  at  1:20 
degrees.  The  shaft  was  usually  driven  by  water  power.  To 
secure  as  uniform  pressure  as  possible,  the  air  was  driven  from 
these  cylinders  into  what  was  called  a  “water  regulator/’ 
This  was  an  air-tight  box  or  tank,  inverted  over  water  and 
weighted  down.  The  air,  on  being  forced  into  this  tank,  was 
caught  in  the  same  manner  as  gas  is  caught  by  displacement. 
The  weight  on  the  tank  was  adjusted  to  produce  the  pressure 
required  and  the  tank,  by  rising  and  falling,  maintained  this 
pressure  approximately  constant.  This  method  was  unsatis¬ 
factory  in  warm  weather,  as  the  warm  air,  coming  into  direct 
contact  with  the  water,  became  so  heavily  saturated  as  to 
render  its  use  extremely  detrimental  to  the  proper  heating  of 
the  furnace. 

Then  another  change  was  made.  A  wooden  cylinder  or 
tank  of  about  twice  the  capacity  of  the  blowing  cylinder,  and 
containing  a  weighted  piston,  free  to  slide  up  or  down,  was 
adopted.  Sometimes  this  was  used  in  connection  with  the 
water  regulator,  but  oftener  it  was  used  alone.  The  air  was 
pumped  into  this  cylinder  under  the  weighted  piston.  This 
piston  moved  up  or  down,  regulating  the  pressure  similarly  to 
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the  weighted  tank  in  the  water  regulator.  In  case  of  either 

O  O 

the  use  of  this  cylinder  alone  or  in  connection  with  a  water 
regulator,  its  principal  defect  was  that  it  was  too  small.  A 
cylinderful  of  air  exhausted  rapidly  into  it  would  throw 
the  movable  piston  higher  than  was  necessary  to  make  room 
for  the  incoming  air.  In  falling,  it  would  obtain  some  kinetic 
energy  which  would  have  to  be  absorbed  before  the  piston 
came  to  rest  on  its  cushion  of  air.  This  produced  slight  rare¬ 
factions  and  compressions  which  made  the  blast  pressure  very 
unsteady.  ^ 

The  next  improvement  was  the  adoption  of  a  large  air 
chamber  into  which  the  cylinders  discharged  their  air.  These 
were  from  twelve  to  thirty  times  the  volume  of  the  air  cylin¬ 
der.  The  elasticitv  of  the  air  acted  to  regulate  the  discharge 
and  maintain  the  pressure. 

In  1835  double-acting  blowing  cylinders  began  to  be  used. 
Two  cylinders  with  cranks  at  90  degrees  were  coupled  to  the 
same  shaft.  Large  mains  were  used  to  take,  the  place  of  the 
air  chamber. 

Large  beam  engines  began  to  be  built  in  England  early 
in  the  present  century,  patterned  after  the  immense  Cornish 
beam  pumping  engines  of  that  time. 

In  1848,  Archibald  Slate,  of  England,  endeavored  to 
replace  these  ponderous,  slow-moving  beam  engines  by  a  light, 
high-speed  type.  He  reasoned  that  a  shorter  stroke  would 
give  a  steadier  air  pressure.  He  was  led  to  consider  the  effect 
of  short-stroke  blowing  engines  by  using  compressed  air  in  a 
common  slide-valve  engine.  He  rightly  conjectured,  further, 
that  if  the  piston  stroke  were  short  the  air  valves  would  have 
to  be  actuated  by  a  positive  mechanism.  Previous  to  this  the 
air  valves  had  been  automatic,  depending  upon  the  pressure  of 
the  air  for  their  action.  In  pursuance  of  his  ideas,  he  con¬ 
structed  two  horizontal  engines  coupled  to  the  same  shaft. 
The  principal  dimensions  of  these  engines  were  :  Diameter  of 
steam  cylinders,  10  inches;  diameter  of  air  cylinders,  30 
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inches;  stroke,  24  inches.  These  were  to  run  at  a  piston 
s}>eed  of  040  feet  per  minute,  or  160  revolutions,  and  blow  3.5 
pounds  per  square  inch  blast  pressure.  No  steam  pressure 
was  given,  but  if  the  M.  E.  P.  of  the  air  end  is  taken  to  be  3.5 
pounds,  each  engine  would  develop  about  48  II.  P.  at  the  air 
end.  Assuming  an  efficiency  of  90  per  cent,  between  the  air 
and  steam  ends,  there  will  be  about  53  II.  P.  to  be  developed 
at  each  steam  cylinder.  For  the  given  size  of  cylinder  and 
pistou  speed,  this  would  require  about  34  pounds  M.  E.  P. , 
which  is  probably  reasonable,  as  the  boiler  pressures  of  that 
time  were  low.  For  the  given  diameter  of  air  cylinder  and 
stroke,  the  piston  displacement  would  be  3,000  cubic  feet  per 
minute  for  each  engine,  or  6,000  cubic  feet  for  the  double 
engine. 

As  an  example  of  the  beam  blast  engines,  which  were 
much  used  in  England  in  the  early  part  of  this  century,  there 
follows  a  description  of  one  built  for  the  Dawlais  Iron  Works, 
in  England,  in  1851.  The  full  description  of  this  engine, 
together  with  a  discussion  of  its  merits,  etc.,  is  given  in  the 
report  of  B.  I.  M.  E.  for  1S5T,  page  112. 

•  It  was,  in  principle,  a  large  beam,  cast  in  two  parts  and 

supported  by  a  pivotal  axis,  about  which  it  oscillated.  On  the 

one  end  of  this  beam  the  rod  of  the  steam  cylinder  was  coupled, 

in  this  case,  by  a  large  oak  connecting  rod,  strapped  with 

wrought  iron.  The  fly  wheel  was  coupled  to  the  same  end  by 

a  similar  rod.  The  piston  rod  of  the  air  cylinder  was  attached 

to  the  other  end  of  the  beam  bv  another  oak  connecting  rod. 

This  beam  was  40  feet  1  inch  between  centres,  and  its  gross 

weight  was  44  tons.  The  diameter  of  the  air  cylinder  was  144 

inches  and  of  the  steam  cylinder  55  inches.  The  stroke  of  the 

%/ 

air  cylinder  was  12  feet  and  of  the  steam  cylinder  13  feet. 

%/ 

This  difference  in  the  length  of  the  stroke  was  caused  bv  the 
connecting  rods  from  the  cylinders  being  attached  at  unequal 
distances  from  the  supporting  axis.  The  blast  pressure  was  3.5 
pounds  and  steam  pressure  sixty  pounds,  with  cut-off  at  one 
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third  stroke.  It  was  run  at  twenty  revolutions  per  minute, 
giving  an  air  displacement  of  44,000  cubic  feet  and  requiring 
the  development  of  650  H.  P.  at  the  steam  end.  The  fly¬ 
wheel  was  22  feet  in  diameter  and  weighed  35  Tons.  The 
gross  weight  of  this  ponderous  machine  was  over  three  hun¬ 
dred  tons.  The  English  practice  of  that  time,  according  to  the 
discussion  following  the  above  article,  was  to  put  in  three  times 
the  weight  of  cast  iron  actually  needed. 

Though  this  unwieldy  machine  was  built  in  1851,  yet  one 
almost  similar  in  design  is  described  in  “Engineering”  of,  Feb- 
ruary  27th,  1880 — built  almost  thirty  years  later.  This  engine 
was  designed  by  Mr.  Alfred  Trappen,  Chief  Engineer  of  Die 
Markische  Machinenban  Anstalt  of  Wetter-on-the-Ruhr.  The 
same  walking  beam  plan  is  used,  but  the  beam  is  lighter  than 
the  English  make — being  built  of  plates  and  angle  bars.  This 
engine,  however,  is  a  compound,  the  steam  cylinders  being 
connected  to  one  end  of  the  beam  and  the  air  cylinder  to  the 
other.  The  piston  rods  are  provided  with  large  guide  blocks 
to  avoid  the  extra  wear  of  parallel  motion.  The  common  flap 
valves  are  used  for  the  air.  The  packing  of  both  air  piston 
and  valves  is  felt,  mounted  on  leather.  The  steam  valve  is 
simply  a  common  slide — o^e  valve  controlling  the  steam  in  both 
cylinders.  The  principal  dimensions  of  this  engine  are: 

CYLINDER.  DIAMETER.  STROKE. 

High  Pressure  32.875  inches  74.125 

Low  Pressure  55  56  “  98.81 

Air  102.94  “  102.94 

Diameter  of  fly-wheel  is  24  feet  8.5  inches  and  its  weight  is  30 
tons.  Its  speed  was  13  revolutions  per  minute  at  which  the  air 
displacement  is  7800  cubit  feet.  The  steam  pressure  for  which 
it  was  designed  is  50  pounds;  cut-off  at  .7  stroke  with  five  ex¬ 
pansions.  Blast  pressure  5.7  pounds.  (The  description  of  the 
above  engine  is  given  to  show  how  very  little  the  general  de- 
sign  of  blowing  engines  changed  from  1850  to  1880.  Either  of 
the  above  engines  occupied  as  much  space  as  is  now  available 
for  an  entire  engine  house  at  same  plants.) 
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*  In  1855  the  East  Indian  Iron  Coin  pan}  of  England  was 
obliged  to  have  several  blowing  engines  made  which  had  to  be 
transported  considerable  distances  across  the  country  to  the 
works  where  they  were  to  be  used.  This  precluded  the  possi¬ 
bility  of  using  the  immense  beam  engines  so  comman  at  that 
time  in  England.  The  engines  which,  were  finally  designed 
and  built  for  this  Company  are  described  in  a  paper  read  be¬ 
fore  the  B.  I.  M.  E.  by  E.  A.  Cowper  and  given  in  their  re¬ 
ports  for  1855,  page  154. 

These  engines  are  built  on  the  general  plan  of  the  present 
modern  type  of  vertical  blowing  engines-  They  are  claimed 
to  have  been  the  first  engines  of  this  type  ever  designed  and 
constructed,  but  the  Chairman  of  the  meeting  before  which, 
the  paper  was  read,  said  he  had  seen  an  engine  embodying  al¬ 
most  the  same  principles  of  vertical  construction,  at  the  French 
Exhibition  previous  to  1855.  (This  would  seem  to  indicate 
that  the  vertical  blowing  engine  was  first  invented  by  French 
engineers.) 

In  designing  these  engines  the  special  aim  was  to  secure 
lightness  and  they  did  not  weigh  more  than  one  tenth  to  one 
fifth  of  the  weight  of  the  ordinary  blowing  engine  of  that  time. 
Tho  designer  claimed  that  the  most  essential  element  of  an  en¬ 
gine  to  produce  a  steady  blast,  is  a  short  stroke.  He  further 
believed  that  for  the  proper  working  of  a  short  stroke  blow¬ 
ing  engine,  the  air  valves  should  have  a  positive  movement  and 
not  depend  on  the  air  pressure  for  their  operation.  He  there¬ 
fore  moved  the  air  valves  by  a  mechanism  which  was  controlled 
by  an  eccentric.  Both  the  style  of  this  engine  and  the  positive 
movement  of  the  air  valves  are  improvements  over  the  old  type 
of  beam  engine.  The  principal  dimensions  of  these  engines  were 
as  follows:  Diameter  of  air  cylinder,  30  inches;  diameter  of 
steam  cylinder,  10  inches;  stroke,  30  inches.  They  were  run 
at  80  revolutions  per  minute  or  a  piston  speed  of  400  ft.  The 
steam  pressure  was  fifty  pounds  and  cut-off  at  one  half  stroke. 
Air  displacement  is  1975  cubic  feet  per  minute. 
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In  the  discussion  which  followed  the  reading  of  this  paper 
it  was  said  that  the  fly-wheel  produced  unsteady  blast  pressure 
because  it  caused  the  main  shaft  to  revolve  with  uniform  an¬ 
gular  velocity  and  this,  in  turn,  causes  the  piston  to  move  ir¬ 
regularly.  Also  that  the  fly-wheel  was  advantageous  only 
when  two  engines  were  coupled  to  the  same  shaft.  This  shows 
the  views  that  were  held  by  the  advocates  of  the  old  beam  en¬ 
gine  in  which  the  energy  was  stored  and  re-stored  largely  by  the 
ponderous  walking  beam. 

A  somewhat  peculiar  cross  compound  vertical  blowing 
engine  constructed  by  Messrs.  Klein  Brothers  of  Dahbuck  is 
described  in  ‘‘Engineering’'  of  October  29th  1880.  The  en- 
gine  was  somewhat  like  the  present  modern  vertical  compounds. 
It  was  condensing,  the  air  and  water  pumps  being  attached  to 
the  cross-head  and  one  of  the  iron  columns  which  supported  the 
air  cylinder  together  with  part  of  the  bedplate  was  used  as  a 
condenser. 

RESUME. 

Blast,  blown  by  machinery,  was  not  utilized  in  iron  smelt¬ 
ing  until  after  1700.  The  steam  engine  had  not  developed 
much  before  the  time  of  Watt,  which  was  about  1750-1775. 

An  English  engineer  is  said  to  have  erected  blowing  en- 
gines  at  the  Carron  Iron  Works  in  17 60.  From  this  time  down 
to  about  1850,  only  the  large  beam  engines,  or  very  small 
short-stroke  engines  were  used.  About  the  middle  of  the  pre¬ 
sent  century  the  vertical  type  began  to  be  used  and  from  that 
time  on  it  has  developed  to  be  the  favorite  of  iron  smellers. 

The  general  design  of  blowing  engines  has  changed  con- 
siderbly  during  the  past  twenty  years.  Many  changes  in  de¬ 
tail  construction  have  not  been  improvements. 

There  has  been  a  tendency  to  adopt  average  views  concern¬ 
ing  dimensions,  etc.  Thus  blowing  engines  having  a  stroke  of 
from  two  to  three,  or  from  ten  to  twelve  feet,  were  formerly 
quite  common.  Now,  none  such  are  built. 
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The  beam  engine  still  seems  to  be  used  in  some  places,  but 
its  use  is  the  exception.  Altogether  the  development  of  the 
blowing  engine  has  equalled  that  of  the  motor  engines. 

Air  Compression  by  Blowing  Engines. 

The  function  of  the  blowing  engine  is  to  supply  oxygen 
for  combustion. 

The  more  oxygen  supplied  per  unit  of  power  developed, 
the  more  efficient  is  the  engine,  commercially. 

By  the  very  nature  of  the  atmosphere  from  which  the  en¬ 
gine  draws  its  supply,  it  is  compelled  to  pump,  in  addition  to 
oxygen,  quantities  of  aqueous  vapor,  nitrogen  and  small 
amounts  of  some  other  gases,  depending  on  conditions. 

These  gases  exert  a  deleterious  rather  than  a  beneficial 
effect  on  combustion,  in  that  they  contribute  nothing  toward 
generating  heat,  but  carry  heat  away  wastefullv  when  they 
are  discharged. 

The  air  is  blown  into  a  system  of  piping  with  discharge 
openings  in  some  part,  and  the  relation  of  the  area  of  these  dis¬ 
charge  openings  to  the  volume  of  air  blown  per  unit  of  time 
will  determine  the  pressure  which  must  exist  in  the  system  in 
order  to  force  the  air  out  as  fast  as  it  comes  in.  To  force  the 
air  into  the  system  it  must  be  compressed  up  to,  or  slightly 
above,  the  pressure  existing  in  the  piping.  This  requires  that 
work  be  done  upon  it,  and  the  most  unsatisfactory  part  of  the 
whole  matter  is  that  the  inert  gases  must  be  compressed  along 
with  the  oxygen,  involving  an  absolute  waste  of  a  large  per¬ 
centage  of  the  power  developed.  This  is  one  very  important 
difference  between  blowing  engines  and  air  compressors.  N  itro- 
gen  is  just  as  efficient  for  the  transmission  of  power  as  oxygen, 
but  not  as  efficient  in  a  blowing  engine  This,  of  course,  can- 
not  be  remedied,  owing  to  the  intimate  mixture  of  the  con¬ 
stituents  of  the  atmosphere,  but  weight  of  oxygen  or  air,  and 
not  volume,  should  always  enter  into  all  blowing  engine  calcu¬ 
lations. 
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The  compression  of  air  and  the  efficiency  of  the  air 
cylinder  may  probably  be  better  discussed  and  explained  by 
reference  to  the  theoretical  compression  diagram  shown  in 
Fig.  1. 


a  c. 


If  the  heat  generated  by  compression  all  remains  in 
the  air,  the  compression  is  adiabatic;  if  it  is  all  abstracted  as 
fast  as  it  is  generated,  it  is  isothermal. 

At  the  point  A  on  the  card  the  piston  is  at  the  end  of  the 
stroke,  with  the  cylinder  filled  with  air  at  practically  atmos¬ 
pheric  pressure.  When  the  piston  moves  forward  on  its  next 
stroke  this  air  will  be  compressed,  indicated  by  the  curve  A  B. 
This  curve  may  be  anything  between  an  isothermal  and  an  adia¬ 
batic.  In  a  number  of  blowing  engine  cvlinders  which  the 
writer  has  investigated,  on  which  there  was  no  provision  for 
carrying  off  heat,  the  curve  approached  the  adiabatic  in  form 
very  closety. 

At  B  the  discharge  valves  open  and  the  air  is  discharged 
into  the  receiver  while  line  B  C  is  being  traced.  At  point  C 
the  piston  is  at  the  extreme  end  of  the  stroke,  and  as  soon  as 
it  starts  in  the  opposite  direction  the  pressure  drops  to  that  of 
the  supply,  and  a  fresh  volume  is  drawn  in  while  line  D  A  is 
being  traced.  This,  of  course,  assumes  that  there  is  no  clear¬ 
ance  space. 
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The  amount  of  oxygen  pumped  per  stroke  defends  on  the 
efficiency  of  the  air  cylinder  and  on  the  temperature.  Mini¬ 
mum  clearance,  tight  valves  and  ample  port  area  render  maxi¬ 
mum  cylinder  efficiency. 


Fig.  2.  Shows  a  pair  of  diagrams  taken  from  a  blowing 
cylinder  with  large  clearance  spaces.  The  clearance  as  calcu¬ 
lated  from  the  diagrams  is  about  6.5%  on  U.  E.  and  4.7%  on 
L.  E.  The  loss  in  capacity  as  shown  is  10.3%  at  upper  end  and 
7.3  %  at  lower  end — an  average  of  8.8  %. 

The  clearance  spaces  being  large,  leave  a  large  volume  of 
air  between  the  piston  head  and  the  discharge  valves  at  the  end 
of  the  stroke.  This  air  is  at  terminal  pressure  and  when  the 
piston  starts  on  the  next  stroke  it  expands  down  to  the  press¬ 
ure  of  the  supply  and  of  course  increases  in  volume,  thus  allow¬ 
ing  only  a  partial  cylinderful  to  be  drawn  in  for  the  next 
stroke. 

The  line  at  the  end  of  the  diagram  should  drop  down 
straight  as  shown  by  the  vertical  line,  and  on  diagrams  from 
engines  with  very  small  clearance  spaces,  this  line  is  practically 
straight  as  shown  on  Figs.  11  and  17. 

C  O 

The  admission  ports  should  be  of  such  shape  that  the  air 
Hows  into  the  cylinder  in  streams  of  largest  possible  cross  sec¬ 
tion.  The  air  should  have  a  direct  passage  to  the  port  and 
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come  in  contact  with  as  little  metal  as  possible  to  prevent 
heating  before  compression  commences. 

The  ports  should  have  ample  area  to  permit  of  the  engine 
being  run  up  to  500  feet  piston  speed  without  the  formation 
of  vacuum  in  the  air  cylinder. 


nc  3  b. 


The  effect  of  restricted  port  area  is  shown  by  the  diagrams 
of  Fig.  3.  These  diagrams  are  from  the  same  end  of  the 
cylinder  but  running  at  different  speeds.  The  diagrams  from 
the  other  end  were  practically  the  same  and  were  not  drawn  in. 

The  following  table  shows  the  losses  due  to  restricted 
admission  ports  and  excess  discharge  pressure  for  three  differ¬ 
ent  speeds.  The  loss  due  to  excess  discharge  pressure  is  vari- 
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able  and  was  affected  by  conditions  of  discharge  valves  and 
variation  of  the  receiver  pressure. 


Revs. 

Vacuum  Loss. 

Excess  Press.  Loss. 

per  min. 

U.  E. 

L.  E.  Mean. 

U.  E. 

L.  E. 

Mean. 

Fig. 

25 

«.5  % 

8.2%  *  7.35% 

12.7 

10  0% 

11.35% 

3.4 

35 

8.3  % 

6.1%  7.25% 

7.9% 

4.7% 

6.3 

Ml 

45 

12.2  % 

9.8%  10.50% 

14.5% 

9.6% 

12.1  % 

3  C 

The  table  as  well  as  the  diagrams  show  the  increase  of 
loss  due  to  vacuum  as  the  speed  increased.  In  an  engine  with 
ample  ports  the  admission  line  of  the  diagram  will  very  nearly 
coincide  with  the  atmosphere  line  showing  the  very  small  diff¬ 
erence  of  pressure  required  to  make  the  air  flow  into  the  cyl¬ 


inder. 

As  the  air  cylinder  is  always  of  large  diameter,  a  very 
slight  varation  in  pressure  will  make  a  very  considerable  change 
in  the  power  required.  All  such  matters  are  of  more  economic 
importance  than  a  casual  examination  of  the  diagrams  would 
indicate. 


Another  very  fruitful  source  of  waste  of  power  is  restrict¬ 
ed  discharge  ports.  This  makes  necessary  a  great  difference 
in  pressure  between  the  air  in  the  cylinder  and  that  in  the 
receiver,  in  order  to  cause  the  air  to  flow  through  the  ports. 


F~ f  c 
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The  diagrams  shown  by  Fig.  4  illustrate  this  so  forcibly 
that  cominent  seems  hardly  necessary. 

The  dotted  line  shows  receiver  pressure,  and  the  area 
between  that  and  the  delivery  line  of  the  diagram  shows  power 
simply  wasted. 

The  actual  wasted  power  due  to  this  cause  was  122  I.  H. 
P.  for  the  upper  end,  and  105  I.  IT.  P.  for  the  lower  end, 
making  a  total  of  227  I.  IT.  P.  required  to  force  the  air  through 
the  discharge  ports,  dr  38.6%  of  total  steam  I.  II.  P.  developed. 

The  effect  due  to  leaking  valves  is  so  evident  that  no 
discussion  is  needed.  It  is  assumed  that  the  valves  are  kept 
tight,  as  that  source  of  waste  is  within  the  control  of  the  ordi- 
nary  engine  runner. 

One  other  item  of  waste  demands  special  mention,  and 
that  is  the  almost  universal  custom  of  drawing  the  air  supply 
from  the  engine  room  after  it  has  been  heated  by  contact  with 
steam  pipes,  heated  metal  surfaces,  etc.  On  this  point  Mr. 
Frank  Richards  in  his  book  on  compressed  air  says  :  “  Com¬ 
mission  brokers  must  live  and  thrive  on  commissions  of  iV  to 
-J-  of  one  per  cent.,  but  your  practical  man  looks  with  contempt 
on  savings  of  1  or  2  per  cent.  ’  ’  Certain  it  is  the  cooler  the 
air  when  drawn  into  the  cylinder,  the  more  economical  will  be 
the  compression. 

So  far  as  atmospheric  conditions  are  concerned,  the  amount 
of  oxygen  blown  per  revolution  is  a  function  of  the  temperature 
alone.  Humidity  may  effect  the  combustion  which  the  oxygen 
promotes,  and  interfere  with  furnace  action,  but  it  does  not 
change  the  weight  of  oxygen  contained  in  one  cubic  foot  of  space. 
Nothing  but  a  change  of  the  temperature  of  the  air  can  do  that. 

The  diurnal  changes  of  temperature  and  those  due  to 
change  of  seasons  must  cause  great  variation  in  the  weight  of 
oxygen  blown  per  revolution. 

In  all  blast  furnace  practice  it  is  the  endeavor  to  get  the 
furnace  into  the  best  state  of  working,  and  then  maintain  all 
conditions  uniform.  To  obtain  this  uniformity  the  amount  of 
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oxygen  discharged  per  stroke  for  each  engine  should  he  known, 
in  order  that  the  air  may  be  controlled  with  the  same  certainty 
that  the  burden  is  regulated.  To  do  this  correctly  a  separate 
table  must  be  made  for  each  engine,  making  proper  correction 
for  clearance,  etc.  and  referred  to  a  weight  of  oxygen  as  a  basis. 
These  tables  must  take  into  consideration  variations  in  quantity 
of  O  pumped,  due  to  temperature  changes. 

To  illustrats  the  actual  effect  produced  by  changes  of 
temperature  let  us  make  the  following  assumptions  :  Amount 
of  air  required  per  minute  by  one  furnace  40,000  cubic  feet. 
Average  temperature  for  one  hour  in  winter,  0  deg.  Average 
temperature  for  one  hour  in  summer,  100  deg.  Average 
carbon  in  coke  89%.  Average  analvsis  of  furnace  gas  CC) 
12%,  CO  22%,  0  2%  and  N  etc.  63%.  Neglecting  the 
etfect  of  the  11  these  assumptions  show  1.8  lbs.  of  O  required 
per  lb.  of  coke.  40,000  cubic  feet  of  dry  air  will  weigh  under 
the  assumed  winter  conditions  3452  lbs.,  and  under  the  summer 
conditions  2840  lbs.  This  makes  a  total  difference  in  the 
weight  of  air  blown  under  the  two  conditions,  of  36,720  lbs. 
per  hour.  In  other  words  8,666  lbs.  of  oxygen  more  will  be 
blown  in  winter  than  in  summer  by  the  same  volume.  Since 
1.8  lbs.  are  required  per  lb.  of  coke,  4,814  lbs.  of  coke  more 
per  hour  can  be  burned  with  the  same  volume  when  the  air  is 
cold  than  when  it  is  warm. 

However  this  is  a  matter  which  might  better  be  left  with 
the  metallurgist  to  decide.  Still  it  seems  to  the  writer  that 
the  practice  of  blowing  furnaces  on  a  basis  of  displacement 
contains  many  inaccuracies  which  militate  against  successful 
operation. 

Practical  Operation. 

It  is  not  the  purpose  of  the  writer  to  attempt  to  lay  down 
rules  or  give  methods  to  be  observed  in  the  operation  of  blow¬ 
ing  engines.  It  is  rather  to  discuss  some  particular  points  to 
be  observed  by  the  men  who  have  charge  of  such  engines,  and 
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especially  to  endeavor  to  correct  some  erroneous  ideas  regarding 
proper  valve  adjustment.  The  exceedingly  small  amount  of 
engineering  literature  extant  on  the  subject  of  blowing  engines 
may  in  some  measure  account  for  the  ignorance  on  this  subject; 
for  certain  it  is  that  the  sum  total  of  actual  information  avail¬ 
able  from  technical  publications  is  very  meager  indeed.  There 
seems  to  be  only  two  explanations  for  this  ;  either  very  little 
is  known,  or  else  the  men  who  do  know  are  content  to  let 
others  experiment  for  themselves. 

The  writer  has  given  this  subject  considerable  attention 
both  theoretically  and  practically,  and  writes  from  a  varied 
experience,  some  of  which  was  exceedingly  exasperating. 

Probably  no  type  of  engine  is  subjected  to  more  abuse  by 
its  operator  than  is  the  blowing  engine.  One  reason  for  this 
is  that  the  so  called  engineers  of  the  engine  room  are  not 
engineers,  and  do  not  understand  any  of  the  scientific  principles 
underlying  the  compression  of  air  by  the  expansion  of  steam. 
Another  reason  is  that  a  modern  blowing  engine  has  more  parts 
susceptible  of  adjustment  about  the  two  sets  of  valve  motions 
required  by  the  steam  and  air  cylinders.  This  affords  a  wide 
held  for  u  original  research  and  experiment  ”  by  the  men  in 
charge  without  much  fear  of  apprehension. 

In  the  blowing  engine,  as  in  other  engines,  pounds  and 
knocks  develop  from  seemingly  no  cause.  These  are  magnified 
by  the  huge  cylinders  and  massive  proportions  of  the  machine 
so  that  they  become  exceedingly  annoying  and  cause  concern. 
So  soon  as  such  a  trouble  develops  many  an  engineer  will  sieze 
his  hammer  and  wrench  and  go  after  that  pound.  He  has 
learned  by  experience  that  the  valve  motion  is  the  most 
vulnerable  point.  Here  he  can  produce  the  greatest  effect  in 
the  least  possible  time  and  he  attacks  it  at  once.  He  lengthens 
one  rod,  shortens  another,  tightens  a  nut,  puts  in  a  liner,  etc.,  all 
of  which  may  or  may  not  produce  any  visible  effect.  He  may 
then  “  put  her  back  where  she  was,"  in  other  words  reverse  all 
the  changes  he  has  made — so  far  as  his  memory  will  allow 
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him — and  proceed  to  start  out  again  in  some  other  direction. 
The  pound  may  be  eventually  stopped  by  such  methods,  but 
in  addition,  some  change  may  be  made,  which,  while  it  gives 
no  visible  or  oracular  demonstration  in  the  running  of  the 
engine,  may  do  a  vast  deal  greater  harm  than  the  original 
pound.  This  is  no  fanciful  exaggeration,  but  actual  conditions 
which  prevail  in  some  engine  rooms,  accessible  in  the  length  of 
time  it  requires  to  read  this  paper. 

Of  course  any  sensible  man  with  anv  knowledge  whatever 
of  the  subject  will  agree  that  the  proper  procedure  in  such  a 
case  is  to  indicate  the  engine,  and  see  if  the  valve  adjustment 
is  correct.  If  it  is  not,  correct  it.  Then  if  the  pound  still 
continues,  go  after  it  elsewhere  but  let  the  valves  alone. 

The  question  af  setting  valves  on  blowing  engines  is  a 
bone  of  frequent  contention  and  causes  no  end  of  discussion. 
The  proper  way  to  do  is  to  set  the  valves  carefully  and  correctly 
by  the  marks  put  on  them  by  the  makers,  and  then  indicate 
the  engine  and  adjust  the  valves. 

The  setting  bv  the  marks  must  be  done  accurately  through- 
out,  or  it  is  simply  time  wasted.  Many  men  put  the  engine 
on  the  dead  center,  bv  guessing  at  it,  with  the  idea  in  mind  that 
the  crosshead  moves  so  slowly  at  that  point  that  any  little  error 
off  the  center,  one  way  or  the  other,  will  make  no  material  dif¬ 
ference,  and  utterly  oblivious  of  the  fact,  that  with  the  Corliss 
valves  as  ordinarily  set  on  blowing  engines,  the  eccentric  is  nearly 
90  degs.  ahead  of  the  crank,  and  when  the  crosshead  is  moving 
the  slowest,  the  eccentric  is  moving  the  fastest.  Thus  a  very 
slight  error  in  the  position  of  the  crosshead  would  produce  a 
very  decided  change  in  the  position  of  the  eccentric,  and  throw 
the  whole  setting  out.  It  is  also  the  practice  to  set  one  end, 
and  to  assume  that  the  other  is  right.  This  is  also  wrong. 

To  illustrate  the  reliability  of  setting  valves  by  marks 
alone,  the  diagrams  shown  by  Fig.  5  are  given.  These  valves 
had  been  set  some  time  previous  to  indicating,  by  the  man  in 
charge,  exactly  to  the  mark.  After  these  cards  were  obtained 
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the  bonnets  were  taken  off  the  valves  and  the  entire  setting 
verified  by  the  writer.  The  valves  were  then  removed  from 
their  chambers,  and  some  of  the  marks  found  to  'be  wrong. 
The  cards  sho\y  conditions  that  would  never  knowingly  be 
permitted  to  exist  in  any  engine  room,  having  a  compression 
on  one  end  of  about  66  lbs.  per  sq.  in.  Fig.  6  shows  the 
setting  of  Corliss  valves  also  by  marks.  The  conditions  are 
so  manifestly  wrong  that  comment  is  unnecessary. 


F~ig  6 
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The  indicator  should  be  used  in  making  the  valve  adjust¬ 
ments  only  by  an  experienced  man  of  good  judgment.  The 
conditions  exsisting  must  be  studied,  and  adjustments  made 
accordingly,  and  not  as  directed  by  some  cast  iron  rule  derived 
from  a  hand  book.  It  is  largely  a  matter  of  good  judgment. 
The  indicator  used  on  blowing  engines  by  inexperienced  men 
has  caused  more  actual  damage  to  the  engines,  and  brought 
the  little  instrument  into  more  ill  repute  among  practical  men, 
than  is  ever  conjectured.  The  impositions  on  owners  of 
machinery  by  such  incompetent  men  are  simply  criminal. 


F~ ic.  7. 

To  show  the  actual  fallacies  exsisting  regarding  valv® 
adjustment  more  clearly,  a  number  of  diagrams  are  given, 
selected  from  different  engines  indicated  under  the  supervision 
of  the  writer.  The  diagrams  of  Fig.  7  were  taken  from  a  blast 
furnace  blowing  engine,  but  more  nearly  illustrate  the  conditions 
of  a  large  mill  engine.  In  order  to  appreciate  fully  the  evil 
effects  of  compression  on  blowing  engines — especially  those 
with  the  long  crosshead,  having  each  end  attached  to  a  connecting 
rod,  and  the  piston  rods  connected  in  the  middle — refer  to 
Fig.  8,  showing  the  pistons  at  the  upper  end  of  the  stroke, 
and  then  lot  us  investigate  the  conditions  existing  at  that  point 
as  shown  by  the  diagrams.  Consider  first  the  conditions,  if 
there  were  no  compression,  and  the  line  of  condenser  pressure 
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produced  straight  out  to  the  end  of  the  stroke  as  shown  by  the 
dotted  line  (?Fig.  7.  The  unbalanced  pressure  acting  on  the 
steam  piston  is  equivalent  to  an  upward  force  of  11,250  lbs. 
The  unbalanced  pressure  on  the  air  piston  is  equivalent  to  a 
downward  force  of  71.7S6  lbs.,  leaving  an  unbalanced  down- 
ward  force  of  60,536  lbs.  acting  on  the  middle  of  the  crosshead. 
Now  consider  the  diagrams  as  they  are  with  the  compression 
shown.  The  unbalanced  pressure  on  the  steam  piston  is  equal 
to  a  downward  force  of  43,775  lbs.,  which  added  to  the  above 
force  due  to  air  pressure  gives  a  total  downward  force  of  104, 310 
lbs.  acting  on  the  middle  of  the  crosshead.  In  other  words  the 
compression  shown  which  does  no  good  whatever  and  is  not 
needed,  increases  the  load  suddenly  applied  to  the  crosshead, 
over  72^. 


A  still  more  forcible  illustration  of  this  pernicious  practice 
is  shown  by  the  diagrams  of  Fig.  9.  Again  let  us  take  the 
pistons  at  the  upper  end  of  the  stroke  as  shown  by  Fig.  8. 
On  the  upper  end  of  the  air  piston  is  an  air  pressure  of  25  lbs. 
per  sq.  in.,  producing  a  total  downward  force  of  57,255  lbs. 
Assuming  there  were  no  compression  in  the  steam  cylinder 
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there  would  be  a  back  pressure  on  top  of  the  steam  piston  of  2.5 
lbs.  per  sq.  in.  acting  downward.  Underneath  the  steam  piston 
at  point  T  on  the  diagram  is  a  terminal  pressure  of  10  lbs.  per 
sq.  in.  This  gives  a  net  force  acting  upward  of  9,425  lbs. 
leaving  an  unbalanced  force  in  the  center  of  the  crosshead 
acting  downward  of  47,830  lbs. 

Now  consider  the  actual  conditions  as  shown  by  the 
diagram.  All  other  conditions  will  remain  as  before  except 
there  will  be  an  additional  downward  force  due  to  compressed 
steam  equal  to  44  lbs.  per  sq.  in.  on  a  40"  piston  or  a  total  of 
55,290  lbs.  This  force  due  to  compressed  steam  plus  the 
above  force  due  to  compressed  air  is  equal  to  103,120  lbs. 
acting  downward  in  the  middle  of  the  crosshead.  This  more 
than  doubles  the  moments  of  the  forces,  due  to  the  rods  at  the 
ends  of  the  crosshead,  tending  to  break  it.  The  only  reason 
the  crosshead  did  not  break,  was  because  one  did  break  and 
the  next  one  was  made  u  fool  proof.”  The  engine  has  run  for 
months  without  any  compression  and  runs  more  easily  and 
smoothly  /than  Yvhen  strained  at  each  center  by  compressed 
steam. 


Fig.  10  Shows  an  adjustment  considered  necessary  on  a 
new  engine  in  order  to  make  it  pass  the  centers  smoothly.  This 
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adjustment  was  sanctioned  by  the  superintendent  of  a  large 
engine  manufacturing  campany,  but  it  was  argued  by  the  writ¬ 
er  that  if  such  adnormal  conditions  were  required  to  make  the 
engine  run  properly  there  was  something  radically  wrong  with 
the  design.  To  understand  the  effect  of  this  diagram  let  us 
take  a  point  C  in  the  steam  line.  When  the  piston  has  arrived 
at  this  point  the  total  volume  of  steam  in  the  cylinder — assum¬ 
ing  5%  clearance,  is  indicated  by  the  rectangle  A  B  C  D  while 
the  actual  work  done  is  only  equal  to  area  C I)  E.  The  possible 
work  is  equal  to  C  D  E  F.  Area  CD  E  is  72%  of  area 
CD  E A’ showing  a  loss  of  28%  in  work  up  to  that  point  in  the 


stroke. 

A  blowing  engine  runs  very  steadily,  and  when  any  waste, 

i  O  CJ 

however  small,  does  exist,  its  aggregate  amounts  to  a  consider¬ 
able  item  in  a  year. 

The  setting  was  subsequently  changed  to  admit  properly, 
and  no  appreciable  difference  was  ever  noticed  in  the  running  of 
the  engine,  proving  this  adjustment  absolutely  unnecessary. 


Fig.  11  Shows  diagrams  taken  from  an  air  cylinder,  and 

O 
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is  given  to  show. the  adjustment  of  the  admission  valves.  The  im¬ 
mense  vacuum  was  caused  by  the  valves  opening  too  late,  but 
this  was  considered  necessary  in  order  to  make  the  valves  open 
easily.  The  facts,  however,  were  as  follows:  The  valves  were 
circular  about  20"  in  diameter  and  opened  outward  from  the 
cylinder  moving  in  a  cage.  This  vacuum  in  the  cylinder, 
running  as  high  as  7^  lbs.  per  sq.  in.,  caused  the  atmos¬ 
pheric  pressure  to  force  the  packing  rings  of  the  valves 
against  the  bridges  of  the  ports  so  tightly  at  the  beginning 
of  the  stroke  that  the  seats  were  worn  away  in  one  spot 
and  the  valve  would  leak  in  a  short  time.  In  addition  to 
this  it  vastly  increased  the  unnecessary  work  to  be  done  as 
shown  by  the  proportion  of  the  diagram  below  the  atmosphere 
line. 

The  adjustment  was  determined  by  a  man  who  had  had 
some  experience  with  admission  valves  of  the  gridiron  type, 
which  are  held  firmly  to  their  seats  by  the  air  pressure  wdthin 
the  cylinder.  In  this  case  a  slight  vacuum  in  the  cylinder,  at 
the  beginning  of  the  stroke,  is  an  advantage  as  it  raises  the 
valve  off  the  seat  and  allows  it  to  open  easily.  He  reasoned 
that  the  medicine  good  in  one  case  should  be  good  in  all  cases, 
with  the  above  results.  This  simply  emphasizes  the  point 
made  before,  that  knowledge  and  good  judgement  are  necessary 
in  making  such  adjustments. 

Examples  could  be  continued  by  the  score,  but  these  are 
considered  sufficient  to  illustrate  the  most  common  errors.  In 
every  instance  the  valves  were  adjusted  properly  and  the  engine 
ran  for  months,  better,  and  certainly  more  economically,  than 
before;  thus  proving  conclusively  that  abnormal  conditions  are 
not  required  to  make  a  properly  designed  engine  run  well. 

Such  conditions  and  even  worse  exist  at  many  plants,  and 
will  continue  to  exist,  so  long  as  owners  of  machinery  persist 
in  deluding  themselves  Avith  the  idea  that  because  a  man  is  a 
good  veterinary  surgeon  he  ought  to  be  able  to  play  the  cornet, 
or  in  other  words,  because  a  man  is  a  good  practical  mechanic 
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it  does  not  necessarily  follow  that  he  should  lie  entrusted  with 
the  decision  of  matters  which  would  require  the  technically 
trained  intellect  of  an  engineer  to  comprehend. 

It  is  undoubtedly  true,  that  if  conditions  were  such  that 
indicator  diagrams  could  be  taken  from  every  engine  about 
once  per  hour,  some  of  these  mysterious  and  costly  breakdowns 
which  so  completely  wreck  blowing  engines,  could  be  explain¬ 
ed  in  a  very  clear  and  logical  manner. 

Modern  Practice. 

The  improvements  and  increase  in  size  of  the  blast  furnace 
has  had  its  re-active  effect  on  the  blowing  engine.  The  larger 
furnace  with  its  greater  burden  and  the  modern  methods  of 
smelting,  demand  blast  of  higher  pressure  than  was  formally 
used.  The  blast  of  the  earlier  furnaces  ranged  from  2  to  5  lbs. 
in  pressure,  but  now  12,  15,  20  and  even  25  pounds  is  blown. 
The  use  of  large  stoves,  gas  washers,  and  of  the  furnace  gases 
under  the  boilers,  etc.,  compels  a  higher  pressure  in  order  to 
overcome  the  resistances  and  maintain  the  pressure  in  the 
system. 

The  development  of  water  tube  boilers  has  made  higher 
steam  pressure  practicable,  120  to  150  lbs.  now  being  quite 
common.  This  renders  the  use  of  compound  engines  desirable, 
and  of  course  these  are  made  condensing.  In  some  plants  the 
ordinary  simple  blowing  engines  are  connected  to  condensers, 
and  in  others,  two  simple  engines  are  compounded — where  the 
construction  is  such  as  to  permit  it — and  then  connected  to  the 
condenser.  The  tendency  in  many  of  the  modern  plants 
being  to  more  and  more  rigid  economy  in  the  use  of  heat. 
Of  course  there  are  plants  in  which  this  not  true,  and  they 
seem  to  be  content  to  move  along  fifteen  years  behind  the  times 
in  their  methods,  and  will  continue  to  do  so  until  throttled  bv 
competition. 
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Probably  nothing  could  illustrate  this  tendency  toward 
economy  better  than  the  three  sets  of  indicator  diagrams  shown 
by  Figs.  12,  13  and  14.  These  were  all  taken  from  the  steam 
end  of  the  same  engine,  but  at  different  times.  The  diagrams 
of  Fig.  12  show  the  original  condition  of  the  engine  struggling 

O  C  O  Co  o 

to  do  its  work  under  conditions  that  are  simply  frightful.  Of 


F/Q.  /4 

course  between  the  diagrams  of  Fig.  12  and  those  of  Fig.  Id, 
a  change  of  cylinder  was  made,  the  Corliss  valves  being  adopted. 
Diagrams  of  Fig.  14  show  the  same  engine  made  condensing. 
The  writer  estimates  that  if  this  engine  be  assumed  to  run  but 
five  days  out  of  the  six,  the  saving  in  boiler  power  alone 
effected  annually  by  the  difference  in  the  conditions  as  shown 
by  Fig.  14,  over  those  of  Fig.  12,  assuming  same  power  in  first 
case  as  in  latter,  would  be  worth  over  $4,000.  Such  changes 
are  not  alone  good  engineering  but  good  business  policy. 
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The  blowing  engine  now  in  most  general  use  in  this 
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country  is  the  simple  vertical  engine  with  the  air  cylinder 
directly  over  the  steam  cylinder.  A  detailed  description  of 
this  engine  is  hardly  necessary,  as  the  illustration  given  will 
serve  to  make  the  general  arrangement  very  plain.  One  of  the 
weakest  points  of  this  design  is  the  long  crosshead.  This  was 
discussed  fully  in  considering  the  effect  of  compression  in 
the  steam  cylinder,  and  need  not  be  considered  here.  The 
mechanical  efficiency  of  this  type  of  engine  is  very  high. 


Simple  Vertical  Blowing  Engine.  Common  Type. 
E.  P.  Allis  Co. 
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Fig 


15-A 
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The  engine  being  vertical  and  a  large  proportion  of  the  power 
transmitted  directly  from  one  cylinder  to  the  other,  renders 
the  friction  very  slight.  In  a  number  of  tests  of  this  type  of 
engine,  which  the  writer  has  made  the  mechanical  efficiency 
varied  from  95%  to  98%.  The  set  of  curves  shown  by  Fig.  15- A 
illustrate  very  clearly  the  data  taken  during  one  of  these  tests. 
All  observations  were  made  and  cards  taken  simultaneouslv 
every  ten  minutes.  The  conditions  remained  very  constant, 
as  will  be  seen  from  the  curves  which  are  drawn  to  a  rather 
large  scale  in  order  to  make  the  variations  conspicuous. 

Another  type  of  engine  which  is  coming  very  rapidly  into 
popular  favor  is  shown  on  pages  223,  224,  225  and  220.  This 
is  a  vertical  cross  compound  with  the  air  cylinders  above  and  in 
tandem  with  the  steam  cylinders.  These  engines  are  certainly 
very  tine  machines,  and  their  popularity  is  evidenced  by  the  fact 
that  one  manufacturer  alone  has  built  thirty-eight  for  different 
iron  works  within  a  comparatively  short  time.  Their  ponderous 
proportions  are  in  perfect  harmony  with  the  huge  modern 
furnaces,  while  their  valve  mechanism  is  conducive  to  the 
best  economy.  Figs.  15,  16  and  17  show  diagrams  taken  by  the 
writer  from  an  engine  of  this  type.  These  show  nothing 
exceptional  but  simply  the  ordinary  conditions  of  regular 


BLOWING  ENGINES. 


211* 


service.  Anyone  familiar  with  blowing  engine  practice  will  not 
fail  to  appreciate  the  conditions  existing. 


F/c.  n 


One  great  argument  formerly  used  against  vertical  engines 
was  “too  much  vibration."  The  writer  has  been  on  top  of 
these  engines  over  40  ft.  from  the  floor  level  while  they  were 
making  45  R.  1\  M.,  and  found  the  vibration  very  slight 
indeed. 

Another  advantage  of  this  type  of  engine  is  that  it  renders 
the  use  of  the  long  crosshea  l  unnecessary,  thus  obviating  a 
very  fruitful  source  of  break-downs. 
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The  great  disadvantage  of  all  vertical  engines  is  especially 
emphasized  in  this  type.  That  is  their  inaccessibility — the 
great  inconvenience  of  working  on  them  in  case  of  repairs  or 
break-downs.  The  parts  being  so  large  and  so  high  above  the 
floor  renders  repairing  an  exceedingly  difficult  task. 


E.  P.  Allis  Co.— Horizontal  Single  Blowing  Engine. 

Horizontal  blowing  engines  are  also  used  to  some  extent, 
but  their  use  is  not  nearly  so  general  as  that  of  the  vertical 
type.  The  principal  reason  for  this  is  the  amount  of  floor  space 
which  they  occupy.  They  are  certainly  much  more  convenient 
and  accessible  than  the  vertical  type,  and  where  sufficient  space 
was  at  all  available,  these  reasons  would  seem  to  justify  their 
use.  Anyone  need  only  work  over  the  two  types  for  a  time 
to  appreciate  the  convenience  of  the  horizontal  engines. 

Corliss  steam  valves  are  now  very  generally  used  on  all  types 
of  blowing  engines.  The  conditions  of  service  are  especially 
favorable  to  their  use.  Metal  air  valves  moved  so  far  as 
possible  by  positive  mechanical  means  are  displacing  leather, 
rubber,  and  other  short  lived  materials  moved  by  air  pressure. 
Cast  iron  packing  rings  are  used  in  the  air  cylinder  instead  of 
wood,  and  of  course  cylinder  oil  must  displace  the  graphite  as 
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Southwai'k  Automatic  Twin  Bessemer  Blowing  Engine.— Side  View. 


Southwark  Automatic  Twin  Bessemer  Blowing  Engine.— End  View. 
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a  lubricant.  Metallic  packing  is  used  on  the  rods  instead  of 
soft  packing. 

This  discussion  indicates  in  a  general  way  the  trend  of  the 
best  modern  practice.  During  the  past  ten  years  all  lines  of 
engineering  have  moved  forward  with  tremendous  strides,  but 
it  seems  the  blowing  engine  has  kept  abreast  of  the  blast 
furnace. 

Future  Probabilities. 

What  the  future  has  in  store  for  the  blowing  engine  build- 
er  it  would  be  foolhardy  to  predict.  In  the  face  of  the  stupen¬ 
dous  achievements  of  modern  engineering  we  dare  not  even 
conjecture. 

We  can  say,  however,  with  some  degree  of  certainty  that 
liquid  air  will  not  intrude  itself  in  this  domain  for  some  time 
to  come,  however  broad  its  fancied  field  may  lie. 

Still  higher  steam  pressure  and  triple  expansion  engines 
would  be  legitimate  successors,  in  the  line  of  evolution,  to  the 
present  encumbents. 

The  combustion  of  the  waste  gases  of  the  blast  furnace 
directly  in  the  cylinder  of  a  large  gas  engine  seems  to  offer  the 
greatest  inducement  for  investigation.  This  method  of  driving 
blowing  engines  may  be  said  to  be  in  its  experimental  stage 
now  in  Europe  and  many  very  satisfactory  trials  are  reported. 
However,  it  may  be  with  this  as  it  has  been  in  the  past  under 
similar  circumstances.  When  the  keen  mind  of  the  technical 
scientist  of  the  continent,  delving  deep  into  the  fields  of  know¬ 
ledge,  upturns  a  seed  the  fruit  of  which  he  knows  not,  the  sun 
of  American  ingenuity  must  shine  upon  it,  the  rains  of  Ameri¬ 
can  capital  must  fall  upon  it  and  cause  it  to  germinate  and 
spring  up  when  the  light  of  American  enterprise  will  ripen  it, 
so  that  the  fruit  may  be  plucked  and  enjoyed  by  all  the  nations 
of  the  earth. 


E.  P.  Allis  Co. — Vertical  Cross  Compound  Blowing  Engine. 

Modern  Typ>e. 
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Vertical  Cross  Compound  Blast  Furnace  Blowing  Engine. 
“Steeple  Type.”  E.  P.  Allis  Co. 

Size,  50  in.  H.  P.;  96  in.  L.  P.;  100  in.  Air;  60  in.  Stroke. 

Front  View. 


H  LOWING  ENGINES 


Vertical  Cross  Compound  Blast  Furnace  Blowing  Engine. 
“Steeple  Type.”  E.  p.  Allis  Co* 

Si/e,  50  in.  H.  P.;  %  in.  L.  P.:  100  in.  Air;  GO  in.  Stroke. 

Side  View. 
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Vertical  Cross  Compound  Steeple  Type  Blowing  Engine. 
One  of  three,  built  by  William  Tod  Co. 
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Dr.  R.  (t.  (t.  Moldenke — In  looking  over  these  diagrams 
the  peculiar  value  of  an  indicated  engine  is  seen.  1  have 
indicated  a  great  number  of  engines  myself  and  I  find  the  con- 
ditions  as  shown  in  some  of  these  cards  exhibited  to  be  similar 
to  mv  own.  Every  engine  in  mv  charge  is  indicated  regularly. 
Some  engines  are  run  in  this  city  for  years  without  any  attempt, 
so  far  as  indication  is  concerned.  In  one  case  I  know  of,  it  was 
never  suspected  that  the  governor  was  broken  until  the  card 
showed  it. 

Mr.  Bole — It  is  comparatively  few  engines  that  ever 
have  an  indicator  applied  after  they  are  sent  out  into  service. 
An  engine  mav  run  over  a  term  of  years  and  use  steam  worth 
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twenty  or  thirty  times  its  value,  and  still  have  the  reputation 
of  being  a  good  runner.  I  think  every  one  who  has  taken  part 
in  this  kind  of  work  will  stand  by  the  indicator. 

%j 

A  Member — Perhaps  Blowing  Engines  could  be  driven 
with  blast  furnace  gas 

Mr.  Snyder — I  could  not  sav  much  about  that.  I  have 
never  seen  it  tried  practically  in  this  country,  and  . I  only  know 
what  I  have  read.  I  know  of  quite  a  number  of  interesting 
and  successful  trials  of  that  way  of  using  it.  There  is  one 
just  reported  in  the  current  issue  of  Power  which  is  one  of  the 
best  tests  they  have  as  vet  made.  There  may  come  a  time 
when  the  use  of  furnace  gas  in  this  way  will  become  common, 
but  it  seems  to  me  the  one  trouble  in  using  it  in  gas  engines, 
with  the  ores  now  used,  would  be  the  large  amount  of  dust 
in  the  gas. 


Dr.  Phillips — I  recently  had  a  letter  from  a  friend  who 
has  been  abroad  looking  into  that  question.  Speaking  of  the 
dust  he  said  he  had  seen  a  case  where  they  had  been  just  using 
a  gas  engine  without  the  dust  collector  for  six  months  and  it 
was  in  good  order.  He  was  astonished  to  see  it.  In  another 
case  a  Society  authorized  the  statement  that  they  had  used  a 
gas  engine  four  months  and  the  dust  did  not  interfere  with 
them  at  all. 
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Aside  from  the  question  of  the  efficiency  is  the  fact  of  the 
increase  of  size  in  the  furnace.  In  the  old  days  we  hear  that 
3,  4,  or  5  pounds  was  considered  sufficient.  Now  furnaces 
come  up  to  22  to  25  pounds.  Some  furnaces  will  lie  doing 
well  on  one  class  of  pig  iron,  and  if  they  make  a  different  kind 
of  pig  iron  they  will  have  to  go  up  to  16  or  17  pounds.  I  know 
of  a  case  some  years  ago  where  they  had  been  running  at  9  or 
10  pounds  and  they  made  a  failure.  With  the  same  stock 
they  ran  the  pressure  up  to  15  pounds  and  had  good  results. 
I  would  like  to  ask  Mr.  Snyder  if  he  considers  nitrogen,  etc., 
dilatorious  ? 

Mr.  Snyder — I  regard  it  in  this  way.  If  we  Use  oxygen 
very  successfully  for  smaller  combustions  I  hardly  understand 
why  wfe  could  not  control  it  if  w^e  could  use  it  on  a  large  scale. 
I  do  not  mean  that  oxvgen  would  be  blown  into  a  furnace  by 
a  60x84  in.  blowing  engine  at  20  lb.  pressure,  but  all  condi¬ 
tions  would  be  proportionately  modified.  However,  I  simply 
brought  that  in  as  of  general  interest  rather  than  of  any  special 
importance. 

Mr.  Bole — As  far  as  concerns  the  use  of  gas  blowing 
engines  I  can  contribute  this  much.  Engines  as  large  as  800 
to  900  indicated  horse-powrer  have  been  used  in  Belgium  very 
successfully.  The  problem  of  getting  rid  of  dust  and  ash  has 
been  handled  by  passing  the  gases  through  streams  of  wrater 
to  wash  and  separate  them.  Some  of  the  engines  have  been 
built  vertically,  the  piston  acting  upwrard  so  the  dust  would  be 
deposited  on  the  cylinder  head  and  blowm  out.  There  seems  to 
be  no  difficulty  in  the  use  of  such  gas.  At  the  present  time 
there  is  great  interest  in  this  country  on  that  line  of  thought. 
Our  own  company  has  within  a  very  fewr  days  started  up  an 
engine  which  we  are  using  as  an  experiment  purely.  This 
engine  which  is  225  horse  power  uses  blast  furnace  gas  and  is 
expected  to  generate  electric  currents  for  use  at  the  mill.  That 
matter  is  becming  very  seriously  agitated.  From  the  stand- 
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point  of  fuel  economy  it  is  a  very  pleasing  proposition.  There 
seems  to  be  a  good  deal  of  prospect  in  it. 

I  would  like  to  know  what  effect  high  blowing  pressure 
has  on  the  quality  of  i»ig  iron.  We  are  buying  high  priced 
iron  in  one  section  of  the  country  while  in  other  sections  we  get 
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a  cheaper  grade  very  near  equal  in  chemical  contents. 

Dr.  K.  G.  G.  Moldenke — If  you  take  two  irons  of  ex- 
actly  the  same  condition,  subject  them  to  tests,  you  will  see. 
In  some  furnaces  there  is  an  oxidation  of  iron  while  it  is  made. 
A  chemical  test  alone  is  not  sufficient.  It  requires  the  chem¬ 
ical  test  and  the  physical  test  combined  to  show  that  the  iron 
is  right.  The  chemical  analysis  may  be  all  right  but  the  iron 
wrong.  It  is  my  practice  to  take  a  car  load  on  trial  and  have 
it  as  low  in  silicon  as  convenient.  It  is  usually  the  low  silicon 
iron  which  shows  up  an  iron  best.  I  make  my  mixture  in  such 
a  way  that  I  can  get  the  maximum  amount  of  that  iron  into  it 
and  then  watch  results. 

Mr.  Bole — If  iron  is  burned  in  the  furnace  what  will  be 
the  effect  on  the  iron  ? 

I)r.  Moldenke — The  result  will  be  that  the  iron  is  weak. 
The  crystals  will  not  stick  together  and  it  seems  that  there  is 
a  coat  of  oxide  of  iron  formed  between  them.  Some  time  ago 
I  placed  one  sample  of  steel  after  another  in  a  furnace  that  was 
being  gradually  heated  up  to  2400°F  and  took  them  out  of  the 
furnace  in  different  heated  conditions.  Placed  under  a  micro¬ 
scope  you  could  see  the  grain  of  the  crystals  change,  getting 
coarser  and  coarser  as  the  temperature  had  been  higher.  There 
was  of  course  oxide  of  iron  observed  in  the  steels  of  the  highest 
temperature  ranges.  This  was  an  experiment  which  took  me 
from  eleven  o'clock  Sunday  night  until  two  o’clock  in  the  morn- 
ing  and  opened  up  a  new  light  entirely  upon  the  effect  of  oxy¬ 
gen  on  steel  at  high  temperatures.  Charcoal  iron  is  better  than 
coke  only  because  it  is  produced  at  a  lower  blast  temperature. 

Mr.  Bole — Where  you  know  of  the  presence  of  oxygen 
in  the  burning  iron  what  is  the  manifestation? 
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I)r.  Moldenke — It  gets  hard. 

Mr.  Bole — Not  so  much  by  the  presence  of  gas  bubbles 
as  by  hard  spots  and  blotches  ' 

Dr.  Moldenke — That  is  generally  the  way  it  shows  its 
presence.  To  determine  properly  when  you  have  a  good  pig 
iron,  get  your  chemical  composition  correct  and  make  a  trans¬ 
verse'  test  to  see  that  you  have  the  proper  strength.  Then  run 
your  cupola  mixture  right  and  I  know  the  result  will  be  satis¬ 
factory. 

Mr.  Albree — I  just  want  to  remark  in  connection  with 
that  paper  that  when  I  called  on  Mr.  Snyder  a  short  time  ago 
he  told  me  he  did  not  have  any  ready.  I  told  him  that  he  had 
been  with  the  Schoenberger  people  a  good  many  years  and 
knew  that  line  of  work  perfectly  and  that  he  surely  could  give 
us  something  of  interest  at  this  meeting,  and  you  have  §gen 
the  result.  Now  there  are  a  number  of  members  of  this  So¬ 
ciety  who  could  give  us  something  very  interesting  on  their 
particular  line  of  work,  if  we  could  just  get  them  to  do  it. 

Mr.  Bole — I  think  it  was  Socrates  who  made  the  remark 
that  any  one  is  sufficiently  eloquent  on  any  subject  with  which 
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lie  is  perfecly  familiar. 

Mr.  Flint — I  would  like  to  say  that  some  users  of  blast 
furnace  gas  claim  that  they  do  not  clean  their  gases.  They 
claim  they  cool  their  gases  before  they  turn  them  into  the 
blast  furnace  engines  or  that  the  cooling  process  is  a  process 
of  washing  them  with  water,  so  that  they  do  clean  them  per¬ 
haps  as  effectively  as  some  people  who  use  an  apparatus  for 
that  purpose. 

A  vote  of  thanks  was  tendered  Mr.  Snyder  by  the  Society 
for  his  excellent  paper. 

On  motion  the  Society  adjourned  at  10.30. 

Reginald  A.  Fessenden, 

Secretary. 
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September  2<>,  19<m>. 

The  regular  monthly  meeting  of  the  chemical  section  was 
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held  at  410  Penn  avenue,  Mr.  Handy  in  the  chair. 

Minutes  of  the  June  meeting  read  and  approved. 

There  being  no  new  business  a  paper  by  Mr.  F.  II.  Wil¬ 
liams  on  “The  Influence  of  Copper  in  Retarding  Corrosion 
of  Soft  Steel  and  Wrought  Iron,"  was  read  bv  the  Secretary. 


INFLUENCE  OF  COPPER  IN  RETARDING  CORRO¬ 
SION  OF  SOFT  STEEL  AND  WROUGHT  IRON. 


F.  H.  Williams,  Wheeling,  W.  Ya. 


The  deterioration  of  iron  and  steel  from  rusting  is  so  im- 
port  ant  a  matter,  that  every  effort  to  discover  a  means  of 
arresting  or  retarding  this  otherwise  ultimately  fatal  disease 
ought  to  be  encouraged,  and  anv  results  attained  should  receive 
consideration. 

During  the  late  spring  of  this  year,  the  writer  made  some 
tests  on  the  corrosion  of  iron  and  steel  on  a  small  scale.  They 
were  made  especially  to  find  what,  influence  the  presence  of 
copper  might  have,  and  are  in  line  with  recent  investigations 
by  Mr.  II.  M.  Howe,  as  given  in  his  paper  “  Relative  Corro¬ 
sion  of  Wrought  Iron,  Soft  Steel  and  Nickel  Steel,"  read 
before  t he  International  Congress  on  Jesting  Materials. 


Four  samples  of  steel  were  selected,  viz.,  A,  an  ordinary 
soft  Bessemer  steel;  B.  C.  and  I).,  soft  Bessemer  steels  to 
which  copper  had  been  added,  so  that  they  contained  respec¬ 
tively  0.078%,  0.145%,  and  0.203%  copper.  In  addition  to 
these  another  set  of  tests,  consisting  of  one  soft  Bessemer 
sample  and  four  wrought  iron  samples  were  similarly  treated. 
It  will  be  noticed  that  wrought  iron  sample  No.  4  contained 
0.393%  copper. 

Small  pieces  of  each  were  cut  and  tiled  to  same  dimen¬ 
sions,  weighed  and  suspended  on  a  frame  so  that  all  could  be 
dipped  simultaneously  in  water  and  left  to  hang  in  the  air  till 
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dry.  This  treatment  was  repeated  frequently  each  day  for 
about  a  month.  The  daily  increase,  in  weight  due  to  oxidation 
was  small  but  of  such  a  persistent  character  as  to  apparently 
indicate  the  retarding  influence  of  copper  upon  the  corrosion. 
Finally,  when  there  appeared  a  tendency  of  the  oxide  to  scale 
off,  the  treatment  was  concluded,  and  the  pieces  were  thoroughly 
cleaned  of  all  oxide,  and  weighed.  The  loss  in  weight  appears 
in  per  cent,  of  the  original  weight  of  pieces,  in  the  following 
tabulated  form: 


LOSS  FROM  ATMOSPHERIC  CORROSION.  loss/, 

A. — Soft  Bessemer  Steel . 1.85 

B —  “  “  “  with  .078  copper . 0.89 

C—  “  “  “  “  .1-15  “  0.75 

D—  “  “  “  “  .263  “  0.74 


STEEL  AND  WROUGHT  IRON.  loss% 

Soft  Bessemer  Steel . 1.65 

Wrought  Iron,  Sample  1 . 0.76 

“  “  “  2 . 0  80 

“  u  u  q  n  Q7 


“  ,  “  “  4 . (containing  .393%  copper) . 0.53 

The  investigation  of  Mr.  Howe  upon  large  plates  of  metal 
extending  over  considerable  time,  show  that  nickel  exerts  a 
similar  retarding  influence  upon  corrosion. 

The  introduction  of  a  small  amount  of  copper  into  steel, 
where  it  is  not  already  present  in  sufficient  quantity,  could 
easily  be  effected  through  the  use  of  copper-bearing  iron  ore 
in  the  blast  furnace. 

Its  presence  in  steel  within  the  amount  necessary  for 
obtaining  the  above  results,  has  been  shown  by  others  to  be  not 
prejudicial  to  its  physical  qualities  or  to  its  mechanical  produc¬ 
tion.  It  would  seem  as  though  the  facts  here  presented  might 
help  to  solve  the  problem  of  making  soft  Bessemer  steel  as 
capable  of  resisting  corrosion  as  wrought  iron,  and  thus  end 
the  debate  as  to  whether  the  one  or  the  other  is  the  more 
rapidly  corroded. 
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The  work  was  approved,  and  the  hope  expressed  that  the 
experiments  be  continued. 

Prof.  F.  C.  Phillips  gave  a  brief  account  of  the  papers 
read  at  the  summer  meeting  of  the  American  Chemical  Society 


in  New  York.  Other  subjects  of  interest  that  were  discussed 
were  Gas  Analysis,  Gas  Producers,  Molytdeum  Steel  and  Alu¬ 
minum  Steel. 

If  the  interest  and  profit  attending  these  meetings  were 
better  understood  more  chemists  would  participate. 

Section  adjourned  at  10  P.  M. 


Geo.  O.  Loeffler, 

Secretary  C.  S. 
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this  society  does  not  hold  itself  responsible  for  the  opinions  of  its  members. 


The  one-lmndred  and  eighth  regular  meeting  of  the  En- 
gineers’  Society  ofv  Western  Pennsylvania  was  held  in  the 
Lecture  Room  of  the  Society's  House,  410  Penn  Ave. ,  Pitts¬ 
burg,  Pa.,  Tuesday  evening,  October  16,  1900,  thirty-five 
members  and  visitors  being  present.  The  meeting  was  called 
to  order  at  8.40  o’clock,  by  the  President,  Mr.  W.  A.  Pole. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

For  the  Board  of  Directors,  the  following  applicants  were 
reported  as  passed,  and  to  be  voted  for  at  the  next  regular 
meeting. 

A.  O.  BACKERT,  ...  Manager, 

Of  the  Pittsburg  Branch  of  the 
Iron  Trade  Review,  429  Park  Build¬ 
ing;  House,  430  Arabella  St.,  Knox¬ 
ville,  Pa. 

JOHN  H.  CARLIN,  ...  Machine  Dealer, 

Carlin  Machine  &  Supply  Co.,  Alle¬ 
gheny,  Pa;  House,  435  Graham  St., 
Pittsburg,  Pa. 

MARTIN  J.  DOWLING,  -  -  Superintendent, 

Bessemer  and  Open  Hearth  Dept, 
of  Jones  &  Laughlins  Co.,  Ltd., 
Ward  and  Cato  Sts.,  Pittsburg,  Pa* 
CHARLES  VAN  CPE  WHEELER,  Superintendent, 

Projectile  Dept.  Firth-Stirling  Steel 
Co.,  Demmler,  Pa.  House,  1014 
Ridge  Ave.,  Allegheny,  Pa., 
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The  following  gentlemen  were  balloted  for  and  duly  elected 

1  LJ  */ 

to  membership. 

W.  H.  H.  GINDER,  -  -  -  Cherr  1st, 

For  American  Siieet  Steel  Co.,  Yan- 
dergrift,  Pa. 

EDWARD  HOERLE,  -  -  Superintendent  of  Construction, 

Duquesne  Steel  Works  and  Bias 
Furnaces,  Duquesne,  Pa. ;  House 
5649  Second  Ave.,  Pittsburg,  Pa. 

FRANK  C.  NEWELL,  -  -  Electrical  Engineer, 

For  Westingliouse  Air  Brake  Co., 
Wilmerding,  Pa.;  House,  423  Ross 
Ave.,  Wilmerding,  Pa. 


REPORT  OF  COMMITTEE  ON  THE  DEATH  OF 

COL.  WM.  A.  HERRON. 

In  the  death  of  Col.  Wm.  A.  Herron,  the  Society  of 
Engineers  of  Western  Pennsylvania  is  called  upon  to  mourn 
the  loss  of  its  oldest  member.  He  was  born  in  this  city 
August  T tli?  1821,  and  at  the  time  of  his  death,  on  May  6fh  of 
the  present  year,  was  nearly  eighty  years  old. 

Col.  Herron  was  one  of  the  earliest  graduates  of  the 
Western  University  of  Pennsylvania.  While  still  a  young 
man  he  was  engaged  with  his  father,  John  Herron,  in  the  coal 
business;  supplying  the  local  trade  including  several  of  Pitts¬ 
burg’s  infantile  iron  works,  from  mines  located  in  that  part  of 
the  present  city  known  as  the  13th  Ward,  in  proximity  to  the 
Herron  Hill  reservoir,  where  his  father  owned  a  considerable 
quantity  of  land.  In  184:6  he  engaged  in  the  coal  trade  more 
extensively,  shipping  by  the  way  of  the  Ohio  in  floating  boats, 
to  Cairo,  from  whence  the  coal  was  towed  bv  steamers  of  the 
Mississippi  river  to  St.  Louis,  where  it  was  used  for  gas 
making.  About  the  period  of  1855  he  was  engaged  in  the 
banking  business,  and  was  among  the  promoters  of  the 
German,  now  the  German  National  Bank,  the  Iron  City  Trust 


REGULAR  MEETING. 


237 


Co.,  which  subsequently  became  the  Second  National  bank, 
and  was  also  one  of  the  organizers  of  the  People's  Savings 
Bank.  From  about  1800  to  1800  be  was  Clerk  of  the  County 
Courts,  and  during  the  year  last  mentioned  entered  the  real 
estate  business  in  which  he  was  actively  engaged  up  to  the  time 
of  his  death,  lie  was  for  many  years  a  director  in  the  West 
Penn  Hospital,  a  member  of  the  Executive  Committee  of  the 
Dixmont  Insane  Asylum  ;  vice-President  of  the  Homeopathic 
Hospital;  Director  of  the  Young  Men's  Home,  and  an  active 
member  of  the  Young  Men’s  Christian  Association,  also  Presi¬ 
dent  at  the  time  of  his  death  of  the  Western  Pennsylvania  In- 
stitute  for  the  Blind.  In  all  of  these  charitable  and  philan¬ 
thropic  associations  he  took  an  active  and  vigorous  part.  He 
was  also  a  member  of  the  Chamber  of  Commerce,  the  Civic 
Club,  and  a  few  other  organizations  looking  towards  the  public 
welfare,  and  it  was  through  his  individual  efforts  that  the 
Pittsburg  chapter  of  the  Sons  of  the  American  Revolution 
was  chartered.  Since  1890  and  until  his  death,  Col.  Herron 
was  the  agent  for  the  Schenley  estate  in  this  city.  He  was 
among  the  early  promoters  of  the  horse  car  lines  on  the  streets 
of  Pittsburg.  His  brother,  Richard  G.  Herron,  who  died  in 
1893,  a  civil  engineer  by  profession,  was  for  a  number  of 
years  manager  of  the  Center  Ave.  line  to  Herron  Hill.  Col. 
Herron  is  survived  by  his  wife,  two  sons  and  one  daughter, 
the  sons  retaining  the  active  management  of  the  large  business 
which  their  father  created. 

It  has  been  the  lot  of  but  few  of  the  business  men  of 
Pittsburg  to  live  to  the  age  attained  by  Col.  Herron,  and  few 
indeed  in  the  long  history  of  the  city  have  enjoyed  to  the  same 
extent  as  he  did,  the  esteem  of  their  fellow  citizens.  His  was 
indeed  a  model  life,  retaining  to  the  end  that  kindly  and  sym¬ 
pathetic,  yet  dignified  frankness  of  manner  so  characteristic  of 
gentlemen  of  the  past  generation. 

The  Engineers’  Society  of  Western  Pennsylvania  is  proud 
to  have  had  enrolled  in  its  membership  the  name  of  William 
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Anderson  Ilerron,  and  desires  to  express  to  the  members  of 
his  family,  its  sympathy  in  their  great  loss. 

Thomas  P.  Roberts,  * 
W.  L.  Scaife. 

*  Mr.  Hyde  for  the  Reception  Committee  stated  that  un¬ 
fortunately  he  had  been  absent  from  the  last  meeting,  but  that 
the  matter  of  the  smoker  should  receive  prompt  attention. 

The  Chair  announced  the  death  of  Jas.  L.  Rankin,  Jr., 
and  appointed  the  following  committee  to  prepare  a  suitable 
memorial  resolution:  Messrs.  Edwin  Yawger,  Julian  Ken¬ 
nedy  and  F.  Z.  Schellenberg. 

The  next  in  order  was  the  reading  of  the  paper  of  the 
evening  by  Gerald  E.  Flanagan,  entitled,  “Notes  on  Traveling 
Cranes. 
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NOTES  ON  TRAVELING  CRANES. 


BY  GERALD  E.  FLANAGAN. 


In  presenting,  to  a  society  of  engineers,  u  brief  paper 
dealing  with  the  general  subject  of  traveling  cranes,  it  is  ex¬ 
tremely  unlikely  that  anything  new  will  be  developed,  and  I 
must  disclaim,  at  the  outset,  any  intention  of  speaking  tech¬ 
nically  to  designers  of  such  machines.  But,  since  all  engineers 
must,  from  the  nature  of  their  daily  occupation,  be  interested 
more  or  less  directly  in  the  purchase  and  operation  of  these 
useful  tools,  a  general  consideration  of  the  subject  may  not 
be  out  of  place;  even  though  nothing  more  be  done  than  to 
recall  to  mind  features  and  problems  which  have  been  already 
weighed  and  considered,  and  questions  be  raised  rather  than 
answered. 

From  a  time  centuries  previous  to  the  building  of  Egypt's 
pyramids,  unceasingly  through  the  lapse  of  years  to  the  present 
day,  the  problem  of  lifting  and  transporting  large  masses  has 
been  a  vital  one,  and  a  principal  factor  in  our  material  pro¬ 
gress;  until  to-day  there  is,  perhaps,  no  one  feature  of  our  in¬ 
dustrial  conditions  of  such  vast  importance  to  the  welfare  of 
the  race  as  the  question  of  transportation  in  its  various  forms. 

The  day  of  the  supremacy  of  mere  brute  strength  in  our 
mills  and  factories  ended  with  the  substitution  of  the  locomo¬ 
tive  for  the  pack-horse  on  our  roads,  and  all  our  methods  now 
tend  to  the  reduction  to  a  minimum  of  the  need  for  the  exer¬ 
tion  of  physical  strength;  and  instead  we  harness  the  energies 
that  emanated  from  the  sun  during  centuries  long  gone  bv. 
There  are  various  methods  by  which  these  energies,  buried  for 
so  many  thousand  years  in  the  coal  beds,  may  be  made  to  serve 
as  our  lifters  and  carriers;  and  accordingly  we  have  had  many 
types  of  cranes,  both  rotary  and  traveling,  operated  severally 
by  steam,  water,  compressed  air,  belt,  shaft  and  rope  transmis- 
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sions;  all  useful  and  practicable  methods,  and  modern  ingenuity 
might  be  depended  upon  to  produce  far  greater  results  with 
any  of  them  than  has  yet  been  done  if  there  were  no  better 
means  at  hand.  The  development  of  the  electric  motor,  how¬ 
ever,  has  rendered  all  the  other  forms  of  cranes  more  or  less 
obsolete  for  general  shop  service,  although  there  are  many 
special  requirements  for  which  the  older  forms  are  most  ad¬ 
mirably  adapted.  One  has  but  to  compare  the  appearance  of 
the  old-time  shop,  with  its  numerous  swinging  cranes  and  va¬ 
rious  makeshift  methods  of  handling  heavy  weights,  themselves 
presenting  no  small  obstruction  to  the  progress  of  work  on  the 
floor,  with  that  of  its  more  recent  prototype  under  the  influence 
of  one  or  more  modern,  high-speed  electric  travelers.  In  the 
latter  case,  the  floor  is  left  clear  for  the  operations  of  various 
legitimate  functions  thereon,  while  masses  of  material  are  car- 
ried  bodily  over  other  work  in  process  of  erection.  In  fact, 
overhead  cranes  capable  of  carrying  a  one  hundred  ton  loco¬ 
motive  are  not  uncommon,  while  the  direclness  with  which 
they  accomplish  their  work  is  apparent  when  we  consider  that, 
in  the  hands  of  a  skillful  operator,  the  combined  motions  of 
the  bridge  and  trolly,  which  are  usually  carried  on  simultane¬ 
ously,  result  in  approximately  a  straight  line  in  the  desired  di¬ 
rection.  For  the  sake  of  saving  time  the  hoist  motion  is,  not 
infrequently,  caused  to  act  along  with  the  other  movements  of 
the  crane.  All  of  these  operations  are  rendered  more  directly 
feasible  by  the  ready  adaptation  of  power  derived  from  electric 
motors,  and,  so  far  as  one  may  at  present  predict  the  future, 
the  electric  crane  bids  fair  to  hold  ground  far  in  advance  of  its 
rivals  for  general  service.  Power  cranes  driven  by  rotating 
square  shafts  may  perhaps  be  regarded  as  the  immediate  fore¬ 
runner  of  the  electric  traveler,  but  with  their  manifold  objec¬ 
tions,  not  the  least  of  which  were  the  tumbling  bearings  for 
supporting  the  driving  shaft,  they  were  promptly  abandoned 
when  something  better  presented  itself.  In  the  earliest  appli¬ 
cations  of  electric  power,  the  effort  was  made  to  have  one  motor 
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furnish  power  for  several  ditierent  motions,  involving  clutches, 
frictions,  and  other  objectionable  features.  Even  with  inde¬ 
pendent  motors,  the  old-time  crane  with  its  high  speed  bi-polar 
machines  and  multitudinous  small  gears  presented  an  appear¬ 
ance  vastly  ditierent  from  the  crane  of  to-day,  with  its  few 
parts,  and  simple  strong  construction. 

Recent  requirements  in  some  large  shops  have  called  for 
the  installation  of  a  large  number  of  cranes  upon  the  same  run¬ 
way,  often  of  greatly  varying  capacities,  and  the  employment 
of  what  have  been  sometimes  called  “double  deckers"  is  stead¬ 
ily  growing  in  favor.  The  term  “double  decker"  is  certainly 
a  misnomer  in  this  connection,  as  it  simply  refers  to  two  inde- 
dendent  cranes,  one  placed  high  enough  to  passover  the  other, 
and,  if  anything  be  “double  decked,"  it  is  the  building. 
Usually  the  upper  crane  is  much  the  lighter  of  the  two,  though 
sometimes  the  reverse  is  the  case,  in  order  to  attain  the  requi¬ 
site  height  for  handling  large  pieces,  and  also  for  the  heavier 
and  larger  sheaves  and  longer  hook  required,  but  this  involves 
carrying  the  heavier  supporting  columns  to  the  greater  height 
and  correspondingly  increasing  their  sectional  area  and  conse¬ 
quently  their  cost.  The  lower  crane  is  a  shorter  span,  to  allow 
it  to  clear  the  supporting  columns  of  the  upper  one.  Some¬ 
times,  if  comparatively  light,  the  runway  for  it  is  carried  on 
brackets  from  these  columns.  AY  here  two  cranes  are  not  dedr- 
able,  the  same  end  may  be  in  some  measure  attained  by  designing 
the  heavy  slow  speed  trolley  with  the  addition  of  a  light,  quick 
acting  auxiliary  hoist,  for  the  rapid  handling  of  small  loads, 
or  by  using  two  trolleys  on  the  same  bridge. 

Similar  to  the  ordinary  traveler  is  the  gantry  crane,  with 
runway  on  the  ground  level.  In  this  form,  the  end  truck  com¬ 
prises  a  structure,  usually  in  the  form  of  a  capital  A,  or,  for 
the  sake  of  making  simpler  connections,  sometimes  bearing  a 
greater  resemblance  to  capital  II,  and  of  a  height  sutiicient  to 
give  the  required  elevation  to  the  trolley.  Either  form  of 
structure  requires  to  be  well  braced  laterally,  to  provide  for 
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strains  due  to  suddenly  starting  and  stopping  the  crane,  which, 
as  the  center  of  gravity  of  the  moving  mass  of  machinery  and 
load  is  so  far  above  the  rails  upon  which  it  runs,  must  always 
be  more  or  less  of  an  unknown  quantity;  but,  in  the  nature  of 
things,  will  at  times  be  very  severe. 

Traveling  cranes  are  essentially  a  class  of  machinery 
which  should  be  substantially  constructed,  with  all  parts  amply 
proportioned  for  the  loads  they  may  be  called  upon  to  sustain. 
Gearing  should  be  of  steel,  and  for  smoothness  of  action  and 
quiet  running,  cut  teeth  are  much  to  be  preferred.  Malleable 
iron  gives  fair  results,  but  will  not  stand  the  same  amount  of 
abuse  as  steel  castings;  while  cast  iron  has  its  low  cost  chiefly 
to  recommend  it.  The  master  gears,  that  is  the  wheel  directly 
connected  to  the  drum  together  with  its  pinion,  usually  have 
the  teeth  shrouded  to  the  pitch  line,  so  of  course,  cannot  have 
cut  teeth.  The  wheel  is  best  connected  directly  to  the  drum, 
to  avoid  driving  through  a  shaft,  and  should  be  of  compara¬ 
tively  large  diameter  to  reduce  the  load  upon  the  teeth.  These 
gears  should  be  arranged  as  shown  in  Fig.  1,  in  order  to  put 
the  least  load  on  the  drum  shaft  bearings.  It  will  be  noticed 
that,  for  the  proportions  given,  the  pressure  is  three  times  as 
great  arranged  as  in  Fig.  2,  for  the  same  load  on  the  hoisting 
chains.  This  principle  should  be  observed  throughout  the 
entire  train  of  gears,  but  it  is  one  that  is  frequently  lost  sight 
of.  Gears  should  not  only  be  strong  enough  to  endure  the 
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load,  but  should  be  of  ample  pitch  and  broad  face  to  insure 
wear.  Pinions  ought  to  have  not  less  than  fifteen  teeth,  and 
the  line  had  best  be  strictly  drawn  at  twelve  as  a  minimum. 
The  so-called  thumb-shaped  teeth  are  occasionally  used  on 
master  gears  where  greater  strength  is  required  with  a  given 
pitch.  Since  simplicity  is  an  admirable  quality,  the  best 
designs  avoid  the  use  of  such  features  as  bevel  gears,  miter 
gears,  internal  gears,  worm  and  spiral  gears.  Idle  gears  are 
also  an  objection,  as  they  waste  power  in  friction,  and  are 
productive  of  nothing  unless  it  be  noise.  The  drum  is  almost 
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invariably  of  cast  iron.  The  smaller  ones  are  cast  solid  upon  the 
shaft,  while  the  larger  sizes  are  hollow  and  keyed  in  place,  but 
are  heavy  enough  to  offer  great  resistance  as  a  center  loaded 
beam.  The  outside  is  turned  to  a  true  cylinder,  with  accu¬ 
rately  shaped  spiral  grooves,  rightly  spaced  to  suit  size  of 
chain  links.  In  the  matter  of  chains,  the  best  is  none  too 
good.  Short  link,  well  made  special  chain  of  tough  homo¬ 
geneous  material  is  needed,  and  it  should  not  be  required  to  go 
around  a  drum  or  sheave  less  than  twenty  to  twentv-five  times 

V 

the  diameter  of  the  iron  from  which  the  chain  is  made.  The 
chain  should  be  securely  anchored  to  the  drum,  and  be  long 
enough  to  leave  from  one-half  to  one  full  coil  on  the  drum, 
with  the  hook  in  its  lowest  position.  On  some  smaller  cranes 
and  hoists,  wire  rope  is  used  in  place  of  chain,  requiring  less 
room.  Chain  sheaves  are  usually  turned  with  grooves  the 
same  as  the  drum,  and  with  deep  flanges  to  prevent  the  chain 
from  working  off.  Sometimes  the  groove  is  omitted 
and  a  ridge  left  in  its  place,  the  links  then  lie  across 
this  ridge  at  an  angle  of  about  fifty  degrees  with  the 
plane  of  the  sheave.  This  form  of  wheel  meets  with  less 
favor  than  the  other  style,  but  takes  less  room.  The  lightest 
cranes  have  the  hook  suspended  from  a  single  chain,  and 
present  the  objection  that  the  load  sways  freely  from  side  to 
side,  if  either  the  trolley  or  bridge  is  started  suddenly.  Where 
the  chain  is  led  from  the  drum  down  under  a  sheave  and  back 
to  an  anchor  on  the  trolley,  there  is  greater  steadiness,  in  one 
plane  at  least;  and  where  the  chain  is  fastened  at  each  end  of 
the  drum,  winding  toward  the  center  around  a  right  and  a  left 
hand  groove,  carried  beneath  double  sheaves  at  the  hook,  and 
the  center  of  it  hung  over  a  balancing  sheave  connected  to  the 
trolley,  we  have  four  point  suspension,  and  a  minimum  amount 
of  swaying  of  the  load.  Still  heavier  work  requires  eight 
chains  with  additional  sheaves,  but  involves  no  change  in 
general  form.  Two  drums  are  used  at  times,  with  a  view  to 
producing  a  perfectly  vertical  lift,  but  result  in  a  multiplicity 
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of  parts  and  increased  cost.  Between  the  respective  merits  of 
light  chains  and  many  of  them,  and  heavier  chains  and  fewer 
of  them,  opinions  differ,  but  the  desire  to  simplify,  limits  the 
number  to  four,  or  at  most  eight,  and  the  fewer  times  a  chain 
is  bent  around  a  sheave  the  better  for  it.  Hooks  are  made 
from  forged  iron  or  steel,  or  from  cast  steel,  and  they  are  a 
feature  that  calls  for  the  very  best  material  of  whatever  kind, 
while  a  reasonable  degree  of  liberality  as  to  size  is  no  objec¬ 
tion.  In  this  matter  experience  is  a  good  guide,  but  if  depend¬ 
ing  upon  calculated  results,  a  safety  factor  of  about  ten  should 
be  used.  The  traction  wheels  for  both  trolley  and  bridge  are 
best  made  of  steel,  or  good  chilled  iron,  the  latter  metal  being 
preferred.  They  should  be  of  heavy  pattern,  large  diameter,, 
with  strong  flanges  on  each  side,  and  run  upon  broad,  flat 
headed  rails.  The  driving  gears  are  usually  keyed  direct  to 
the  hubs  of  the  traction  wheels,  which  latter  are  then  provided 
with  phosphor  bronze  bushings,  and  run  upon  fixed  pins. 
This  construction  permits  of  a  very  efficient  method  of  oiling 
through  the  axis  of  the  pin.  The  simplest  form  of  axle  pin  is 
merely  a  piece  of  round  steel  with  a  rectangular  projection 
upon  each  end,  fitting  into  a  corresponding  slot  in  a  plate 
bolted  to  the  trolley  or  bridge  trucks,  which  holds  the  pin 
firmly  against  both  rotary  and  endwise  motion,  admits  of  easy 
removal,  and  does  not  interfere  with  the  method  of  lubrica¬ 
tion  above  mentioned.  ‘Other  methods  of  fixing  the  pins  are 
by  means  of  keys,  set  screws,  bolts  tapped  into  the  joint, 
clamps  in  the  form  of  caps,  or  regular  capped  bearings  in 
which  the  axle  is  allowed  to  turn. 

Of  first  importance  in  the  operation  of  a  crane  are  the 
brakes,  which  are  provided  to  control  its  various  motions.  In 
the  smaller  ones,  the  hoist  motion  only  is  so  cared  for,  but  in 
more  important  cases  they  are  applied  to  the  trolley  and  bridge 
movements  also.  A  magnetically  actuated  brake  is  usually 
deemed  sufficient  for  the  two  last  mentioned  movements,  but 
the  hoist  should,  in  addition,  be  fitted  with  an  automatic  me- 
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chanical  friction  device  to  control  the  speed  of  lowering,  and 
to  assist  in  holding  the  load  securely  at  any  point.  The  wheels 
for  the  magnetic  brakes  are  generally  attached  directly  to  the 
armature  shaft,  which  may  have  an  extension  on  one  end  for 
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this  purpose.  The  simplest  ones  are,  perhaps,  the  best.  A 
plain  cast  iron  wheel  turned  smooth  on  the  rim  and  encircled 
more  or  less  completely  by  a  steel  band  lined  with  wood, 
leather,  oT  other  renewable  wearing  material.  Bronze  makes 
a  good  but  a  more  expensive  wheel,  steel  has  the  advantage  of 
being  strong  and  consequently  can  be  made  light,  a  matter  of 
some  importance,  at  times,  as  the  fly-wheel  action  of  a  large 
and  heavy  brake  on  a  high-speed  motor  is  quite  noticeable,  and 
renders  the  armature  that  much  harder  to  stop.  The  wheel 
rims  are  either  flat  or  V  shaped  in  section,  the  latter  form  giv¬ 
ing  a  somewhat  better  grip  for  the  same  pressure.  With  this, 
the  wooden  blocks  are  framed  to  fit  the  groove.  The  band 
should  be  made  adjustable  as  to  length,  and  when  made  to  go 
entirely  around  the  wheel  is  often  in  two  parts,  one  end  of 
each  being  connected  in  a  knuckle  joint  and  supported  free 
from  the  brake  wheel  ;  the  other  ends  connect  to  the  gripping 
lever  operated  by  the  electro  magnets.  This  construction 
lessens  the  tendency  to  stick  to  the  wheel  when  it  is  not  wanted. 
Bands  which  encircle  only  half  the  wheel  circumference  are 
much  used.  They  should  be  applied  to  the  lower  half  of  the 
wheel,  and  will  then  fall  away  from  it  when  released.  A  point 
in  their  design  to  be  noted  is  that  the  pull  is  against  the  fixed 
end,  otherwise  the  tendency  will  be  to  raise  the  lever  and 
lessen  the  pressure.  The  action  of  these  brakes  is  as  follows: 
Electro  magnets,  formed  usually  of  a  pair  of  solenoids,  with 
soft  iron  plungers,  connected  through  a  yoke  to  the  brake  lever, 
raise  the  band  from  the  wheel  when  the  current  is  on,  and  drop 
it  instantly  the  current  is  cut  off,  the  brake  applying  itself  by 
the  force  of  gravity.  Magnets  may  be  shunt  or  series  wound, 
but  must  be  designed  to  lift  with  the  least  current  which  will 
operate  the  motor,  since,  if  a  large  current  be  applied  for  the 
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purpose  of  releasing  the  brake,  the  motor  will  start  too  sud¬ 
denly.  They  must  also  be  capable  of  carrying  the  maximum 
motor  current,  if  series  wound,  or  a  corresponding  proportion 
of  it  if  shunt  wound.  Mechanical  brakes  are  of  various  forms, 
mostly  operating  upon  the  principle  of  two  friction  surfaces, 
both  of  which  are  free  to  move  when  the  crane  is  hoisting,  but 
oiie  of  which  becomes  fixed  automatically  when  lowering,  by 
the  action  of  a  ratchet  and  pawl,  a  friction  gripping  device,  or 
other  similar  means.  These  brakes  act  in  conjunction  with 
those  above  described.  The  magnetic  brake  holds  the  arm- 
ature  from  rotating,  and  the  mechanical  brake  is  so  connected 
with  the  hoist  gearing  that,  when  the  armature  stops  and  the 
drum  continues  to  rotate,  a  screw  or  cam  action  forces  the 
friction  surfaces  together  with  a  pressure  varying  with  the 
load,  and  tending  to  increase  until  the  drum  is  brought  to  a 
sudden  stop.  This  action  has  taken  time  to  describe,  but  it  is 
in  effect  almost  instantaneous;  that  is,  the  drum  stops  in  a 
small  fraction  of  a  turn  after  the  armature  ceases  to  rotate.  In 
steady  lowering,  a  small  current  is  sent  through  the  motor 
which  releases  the  magnetic  brake  and  permits  the  armature  to 
rotate,  at  such  a  slow  rate,  however,  that  it  constantly  tends 
to  lag  behind  the  speed  imposed  by  the  falling  load  ;  in  fact, 
the  latter  has  to  partially  drive  the  motor.  Thus  a  balance  is 
established,  the  current  fed  to  the  motor  being  just  sufficient 
to  produce  such  a  speed  as  will  cause  the  mechanical  brake  to 
retain  its  pressure  to  the  point  which  allows  the  load  to  fall  at 
the  desired  rate.  The  action  is  smooth  and  continuous,  not  a 
succession  of  stops  and  starts,  as  might  be  imagined.  With 
very  light  loads,  of  course,  the  brake  does  not  act  at  all,  the 
friction  of  the  machine  furnishing  sufficient  resistance.  The 
motor  must  then  work  to  lower,  the  same  as  in  hoisting,  but 
in  a  less  degree.  Sometimes  brakes  controlled  by  the  opera¬ 
tor’s  foot  or  hand  are  used  in  place  of  the  magnetic  ones,  the 
pressure  being  applied  by  means  of  rods  and  levers,  or  a  light 
rope  running  over  sheaves  to  the  trolley.  Occasionally  the  rope 
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s  used  in  addition  to  the  solenoids  to  control  the  brake  with¬ 
out  the  aid  of  current. 

One  traction  wheel  on  each  rail  is  driven  by  a  squaring 
shaft  which  runs  from  side  to  side  of  the  trolley,  and  this  ar¬ 
rangement  is  still  more  essential  for  the  bridge;  a  driving  or 
squaring  shaft  running  from  end  to  end  beside  one  of  the 
girders.  This  shaft  should  be  driven  from  the  center  to  insure 
equality  of  motion  at  each  end;  and  when,  as  is  often  the  case, 
the  motor  is  required  to  be  at  one  end  of  the  bridge,  a  second 
shaft  is  carried  out  to  drive  the  gear  at  the  center.  It  need 
not  be  said  that  ample  bearings  are  desirable,  and  free  lubri¬ 
cation  a  necessity.  Where  access  to  the  bearing  is  very  direct, 
compression  grease  cups  are  among  the  best  means  available. 

The  bridge  should  be  provided  with  substantial  trolley 
stops,  and  the  runaway  in  the  building  with  still  better  ones  for 
the  bridge.  Operators  have  been  known  to  let  the  crane  drive 
up  against  the  end  of  the  building,  and  it  is  well  to  place 
obstacles  to  this  procedure  before,  rather  than  after  the  fact. 
Stops  are  generally  fastened  to  the  rails  and  should  strike 
against  the  tread  of  the  wheels,  not  against  the  flanges.  Turn- 
ing  up  the  end  of  the  rail  itself  makes  a  very  excellent  stop. 
Spring  buffers  are  used  in  some  cases  and  are  always  desirable, 
the  only  drawbacks  being  the  items  of  expense  and  the  room 
occupied.  They  are  almost  essential  where  two  cranes  are 
liable  to  come  together  on  the  same  track.  Trolleys  and  end 
trucks  for  cranes,  have,  in  the  past,  been  designed  with  their 
principle  elements  formed  of  cast  iron;  and,  indeed,  with  their 
numerous  gears  and  shafts,  requiring  many  bearings  of  com¬ 
plicated  forms  for  their  support,  this  material  lent  itself  most 
readily  to  the  necessities  of  the  case,  but  the  more  recent  con¬ 
structions  consist  of  the  fewest  and  simplest  possible  parts, 
supported  upon  a  structural  steel  frame,  which  is  at  the  same 
time  a  lighter  and  more  reliable  material  for  the  purpose. 

The  distinctive  feature  of  a  traveling  crane  is  the  bridge, 
and  it  is  in  other  respects  also  one  of  the  details  most  worthy 
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of  consideration.  The  two  characteristic  forms  of  crane  bridge 
girders  are  the  plate  and  box  sections,  each  with  merits  of  its 
own,  and  for  special  cases  of  extremely  wide  span,  the  various 
latticed  truss  constructions  are  used.  Plate  girders  can  be 
designed  that  are  economical  of  material,  especially  so  for 
the  small  capacities,  and  they  have  the  advantage  of  present¬ 
ing  all  their  parts  for  periodical  inspection  and  covering  with 
paint  or  other  rust  preventative.  They  require,  however,  ex¬ 
tremely  wide  upper  flanges,  usually  with  double  angles  to  offer 
resistance  laterally,  both  to  the  stresses  due  to  suddenly  start- 
ing  and  stopping,  and  the  compression  as  the  upper  flange  of 
a  center  loaded  beam.  The  web  should  be  well  stiffened  with 
vertical  angles  at  close  intervals  for  its  entire  length,  but  more 
especially  near  the  ends.  Box  girders  are  a  very  rigid  form, 
and  are  much  used  on  this  account.  They  cannot  well  be  in¬ 
spected  for  corrosion  on  the  interior,  and  with  the  inside  stiff¬ 
eners  or  diaphragms  sometimes  used  this  is  altogether  impos¬ 
sible.  For  this  reason  they  should  not  be  used  where  there  is 
danger  of  exposure  to  chemical  fumes  or  excessive  moisture. 
Since  the  load  comes  upon  the  upper  cover  plate  between  the 
webs,  cast  iron  separators  are  riveted  in  to  support  the  rail. 
These  should  be  planed  smooth  and  fit  closely  to  webs  and 
cover  plate.  Girders  are  classed  respectively  as  straight,  or 
rather  inelegantly,  as  fish- bellied  ones,  the  terms  being  self- 
explanatory,  and  the  style  to  be  preferred  being  governed  by 
circumstances.  They  should  be  rigidly  connected  to  their  end 
trucks  with  keys  and  turned  bolts,  or  securely  riveted  in  place. 
It  is  well  to  have  the  ends  of  the  two  girders  connected  rigidly 
together  to  stiffen  the  upper  flange,  which  acts  much  the  same 
as  a  strut  or  column.  In  cases  where  the  trolley  is  not  re¬ 
quired  to  travel  the  full  length  of  the  bridge,  the  upper  flanges 
may  be  connected  together  at  points  as  near  the  center  as  the 
trolley  motion  will  admit  of.  Kivets  should  be  liberally  used, 
the  widest  spacing,  occurring  at  the  center,  not  to  exceed  six 
inches  pitch,  reducing  gradually  to  about  three  inches  at 
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the  ends,  to  provide  for  the  increasing  shearing  stress  and 
the  frequently  smaller  depth  of  girder.  The  most  recent 
constructive  methods  favor  making  the  girder  flanges  of  the 
three  pieces,  viz.,  one  cover  plate  and  two  angles,  and  pro¬ 
curing  these  sufficiently  large  and  heavy  rather  than  multi- 
plying  their  number,  and  they  are  each  required  to  be  of 
one  piece  the  full  length  of  the  bridge.  As  regards  the  girder 
webs,  well  made  butt  joints  with  plates  on  each  side  may  pos¬ 
sibly  not  be  any  positive  detriment,  but  they  cannot  be  said  to 
be  of  any  advantage  and  should  be  avoided  when  it  can  be 
done  easily.  They  should  not  be  allowed  to  occur  at  points  of 
maximum  shear,  viz.,  near  the  ends  of  the  girders.  Flange 
angles  and  cover  plates  are  better  in  one  piece  wherever  possi¬ 
ble,  and  if  a  splice  must  be  allowed,  it  should  not  be  permitted 
near  the  center,  and  must  be  made  with  butt  plates  and  cover 
angles  of  ample  length,  so  that  the  rivets,  through  them  on 
either  side  of  the  joint,  will  present  a  shearing  and  bearing 
value  more  than  equal  to  the  flange  stress  due  to  the  bending 
moment  at  this  point.  Constructions  involving  countersunk 
rivets  are  best  avoided;  and,  fortunately,  the  increased  cost  has 
a  tendency  to  reduce  the  number  of  this  form  of  rivets  to  a 
minimum.  Rails  also  are  usually  in  one  piece,  and  should  be 
securely  fastened  to  the  girders.  They  may  readily  be  riveted 
to  plate  girders;  and,  on  box  sections,  tap  bolts  are  used 
through  top  cover  plates  to  the  cast  iron  separators. 

Among  other  features  which  deserve  more  attention  than 
is  generally  accorded  them  may  be  mentioned  the  following: 
The  cage  should  be  strong,  which  is  not  inconsistent  with  light 
construction,  and  provide  a  reasonable  space  for  the  operator 
in  addition  to  the  controllers  and  resistance  boxes,  it  requires 
to  be  well  braced  to  prevent  swaying,  and  be  provided  with  an 
angle  or  plate  projecting  above  the  floor  to  prevent  tools  or 
other  articles  being  pushed  off.  A  platform,  easily  reached 
from  the  cage,  should  extend  from  end  to  end  of  girders  on 
the  shaft  side.  A  substantial  railing  is  required,  and  the  same 
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guard  angle  along  the  floor  called  for  on  the  cage  applies  here 
also.  The  bridge  motor,  shaft  bearings,  trolley  and  all  parts 
of  the  crane  are  thus  made  easy  of  access  to  managers  who  are 
not  also  acrobats;  and  this  is  important,  if  the  machinery  is  to 
be  kept  in  good  condition.  The  foregoing  remarks,  it  will  be 
noted,  condemn  the  existence  of  any  loose  part,  or  parts,  that 
may  shake  loose  or  become  detached  in  an}7  way,  in  the  design 
of  the  crane.  The  arrangement  of  the  lifting  chains  requires 
to  be  such  that  they  will  hang  as  nearly  vertical  as  possible,  as 
any  marked  deviation  produces  additional  stress;  and  they  are 
necessarily  in  the  position  most  aggravated  by  this  cause  when 
the  load  is  at  its  highest  point.  The  principle  of  piling  up,  in 
place  of  hanging  up,  should  prevail  in  crane  design.  That  is,  the 
trolley  should  rest  upon  the  bridge,  and  the  bridge  girders  rest 
upon  end  trucks,  in  place  of  having  wheel  brackets  bolted  to 
their  sides,  as  is  often  done;  and  in  general,  loads  should  rest 
upon  their  supporting  beams  rather  than  be  suspended  from 
them.  The  drum  is  best  placed  as  high  as  is  feasible  on  the 
trolley,  and  the  shackle  should  lift  close  up  to  it,  leaving  all 
the  space  possible  available  for  hoisting.  Most  modern  cranes 
have  an  ample  wheel  base,  which  prevents  them  from  assuming 
an  oblique  position  on  their  tracks,  but  is  at  times  objected  to  as 
lessening  the  length  of  their  run,  an  item  of  importance  only 
in  a  very  short  building,  and  it  has  the  marked  advantage  of 
distributing  the  load  upon  the  runway.  The  wiring  of  a 
crane  should  be  reasonably  well  protected  from  possible  acci¬ 
dent,  be  in  plain  sight,  of  the  simplest  possible  character,  and 
should  include  a  double  pole  switch,  circuit  breaker,  fuses  on 
the  main  circuit,  and  also  on  branch  circuits  to  each  motor,  all 
placed  so  as  to  be  easy  of  access. 

The  speeds  at  which  cranes  are  run  vary  between  wide 
limits;  and  when  one  is  to  be  installed,  it  is  well  to  see  that  we 
get  approximately  what  is  required  in  this  respect.  Common 
speeds  for  medium  capacities  are  ten  to  fifty  feet  per  minute 
for  hoist,  one  hundred  to  two  hundred  for  trolley  travel,  and 
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one  hundred  and  fifty  to  three  hundred  for  the  bridge.  See 
that  the  trolley  will  give  the  maximuni  lift  required,  and  place 
the  runway  sufficiently  high  to  make  this  lift  available.  It  is 
often  advisable  to  provide  numerous  small  hoists  for  special 
service  beneath  the  crane.  Some  small  compressed  air  hoists, 
or  even  differential  blocks,  suitably  disposed,  will  often  relieve 
a  crane  of  part  of  its  work  and  avoid  the  necessity  of  install¬ 
ing  a  second  one.  The  use  of  some  standard  and  widely  used 
type  of  motors  and  controllers  is  to  be  strongly  advocated,  as 
it  reduces  the  number  of  spares  required  to  be  kept  on  hand, 
and  enables  renewals  to  be  made  with  the  greatest  possible 
dispatch. 

Special  forms  of  cranes,  designed  for  purposes  other  than 
merely  lifting  and  transporting,  each  constitute  a  separate  sub¬ 
ject  in  itself  and  will  receive  only  a  passing  notice  here.  The 
most  common  use  for  which  they  are  built  is  for  charging  and 
drawing  underground  heating  furnaces.  They  are  practically 
complete  machines,  and  resemble  cranes  in  the  accepted  mean¬ 
ing  of  the  term  only  in  being  carried  upon  a  traveling  bridge, 
and  operated  from  a  cage.  They  have  a  more  or  less  rigid 
tongs  or  other  gripping  device,  capable  of  being  opened,  closed, 
rotated,  raised  or  lowered  at  the  will  of  the  operator.  The 
tongs  are  raised  and  lowered  by  being  rigidly  connected  to  one 
or  two  nuts  traveling  up  and  down  vertical,  coarse-pitched 
screws,  or  sometimes  the  nuts  are  fixed  while  the  screws  move; 
while  in  other  designs  the  tongs  are  connected  to  a  rack  raised 
and  lowered  by  means  of  a  pinion.  These  screw  machines  are 
much  used  for  handling  ladles  of  molten  metal,  as  the  nature 
of  their  construction  renders  them  extremelv  steady  and  reli- 
able,  and  it  is  practically  impossible  for  their  load  to  drop  at 
an  excessive  speed,  or  otherwise  than  with  a  nearly  uniform 
motion.  As  this  motion  is  arrested  so  absolutely  at  both  the 
top  and  bottom  of  their  stroke,  they  should  be  designed  with 
a  lift  somewhat  in  excess  of  that  actually  required;  and  it  is 
sometimes  advisable  that  a  tell-tale  be  placed  upon  them  which 
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warns  the  operator  when  he  is  approaching  the  limit,  and  so 
avoids  opening  the  circuit  breaker,  or,  should  the  breaker  fail 
to  act  promptly,  possibly  damaging  the  motor.  The  same  ob¬ 
ject  is  accomplished  by  means  of  electric  cut-outs,  which  auto¬ 
matically  open  the  circuit  and  deprive  the  motor  of  current 
before  the  limit  of  the. stroke  is  reached. 

The  electro-hydraulic  crane  is  a  special  form,  combining 
the  merits  of  hydraulic  service  with  the  flexibility  provided  by 
electric  transmission  of  power.  It  consists  of  a  water  tank, 
cylinder,  with  the  necessary  hydraulic  valves,  pumps  for  pro¬ 
ducing  the  pressure,  and  electric  motors  and  gearing  for  oper¬ 
ating  the  pumps.  This  seems  a  round-about  way  of  producing 
results;  costly  to  install,  wasteful  of  power  and  involving  the 
the  transportation  of  a  large  mass  of  dead  load  ;  but  there  are 
cases  in  which  the  advantages  outweigh  the  drawbacks. 

In  the  foregoing  paragraphs,  an  effort  has  been  made 
simply  to  indicate  some  of  the  principal  features  of  overhead 
traveling  cranes,  as  an  aid  to  a  ready  selection  of  the  best  that 
m  iv  be  offered,  and  to  assist  in  a  comparison  of  their  various 
claims  for  approval.  Reference  has  been  made  to  features 
which  it  is  well  to  avoid,  but  it  is  not  meant  to  condemn  ma¬ 
chines  which  may  embody  them.  Many  very  efficient  tools 
have  been  constructed  which  include  in  their  make-up  one  or 
more  such  details,  but  these,  like  many  other  good  things  in 
this  world,  have  merit  in  spite  of  their  faults,  not  because  of 
them;  and  we  must  consider  that  our  judgment  of  any  human 
contrivance  must  be  based  upon  a  judicious  study  and  balanc¬ 
ing  of  its  merits  and  demerits.  The  need  and  demand  for 
traveling  cranes  is  growing  rapidly  and  steadi^.  They  are 
among  the  greatest  labor  savers  yet  devised;  using  power  in 
proportion  to  the  work  they  do,  costing  little  when  not  in  use, 
and  working  well  under  seemingly  very  adverse  conditions, 
they  pay  a  liberal  return  on  the  cost  of  investment  and  main¬ 
tenance. 

The  runway,  while  not  a  part  of  the  crane  proper,  de- 
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serves  to  receive  a  passing  mention.  It  should  be  made  amply 
strong,  and  in  this  connection,  it  is  well  to  remark  that  money 
is  better  used  in  paying  for  material  than  for  labor,  since  a 
building  composed  of  massive  parts  is  better  calculated  to  re¬ 
sist  shock  and  absorb  vibrations  than  a  light  skeleton  structure 
of  equivalent  strength.  Ample  head  room  above  the  rail  is  an 
advantage,  as  it  is  always  possible  that  the  crane  may  sometime 
be  changed  for  one  requiring  more  space.  Cranes  have  been 
designed  with  the  trolley  between  the  girders  in  place  of  above 
them;  these  economize  room,  but  it  is  not  well  to  be  thus  lim¬ 
ited  unless  it  is  unavoidable.  Old  buildings,  in  which  cranes 
are  to  be  installed,  should  be  sufficiently  strengthened  to  meet 
the  new  work  imposed,  and  in  this,  sway  bracing  plays  an  im¬ 
portant  part,  no  less  than  the  direct  runway  supports,  as  the 
constant  motion  tends  to  distort  buildings  not  well  braced. 

The  operating  of  a  crane  is  not  less  important  than  the 
selection  of  it;  and  here  some  of  the  most  obvious  principles 
of  management  are  frequently  overlooked.  The  custom  of 
regarding  any  boy  who  has  wit  enough  to  move  the  handles  of 
the  controllers,  as  being  competent  to  manage  a  traveling  crane, 
is  one  that  is  not  to  be  commended.  The  operator  should  be 
more  than  a  child  in  age,  possessed  of  a  share  of  mechanical 
sense,  and  of  a  certain  stability  of  character,  as  the  position  is 
one  in  which  carelessness  or  recklessness  may  be  productive  of 
damage,  or  even  risk  to  the  lives  of  others;  and  this  is,  perhaps, 
nowhere  more  true  than  in  the  case  of  foundry  ladle  cranes. 
It  is  generally  recommended  that  crane  chains  be  removed  and 
carefully  inspected  and  annealed  at  intervals  of  one  to  two 
years.  They  should  be  kept  well  greased  while  in  service,  as 
this,  by  causing  smoother  working  and  fewer  small  shocks, 
lessens  the  tendency  to  crystalization  of  the  iron.  Hearings 
and  sliding  surfaces  which  call  for  lubrications  should  be  given 
it  liberally,  and  grease,  as  well  as  dirt,  be  religiously  removed 
from  all  other  parts  of  the  machine.  The  management  should 
provide  brooms,  waste,  etc.,  for  cleaning,  and  insist  that  they 
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be  freely  used;  and  this  will  most  surely  be  done  when  the 
operator  is  subject  to  frequent  visits  from  someone  in  authority. 
To  this  end,  substantial  and  easily  climbed  ladders  or  steps 
should  be  provided,  in  order  that  nothing  may  deter  one  from 
making  these  rounds  of  inspection  as  freely  as  need  be.  There 
are  cranes  in  operation  which  require  a  man  with  some  of  the 
characteristics  of  a  monkey  to  reach  them,  and  the  operators 
offer  no  protest,  as  they  realize  that  they  are  thus  more  safe 
from  molestation  or  supervision.  Painting  cranes  and  other 
machinery  white  is  a  practice  which  deserves  to  be  encouraged; 
and  it  would  be  well  if  more  generally  followed,  is  it  lets  light 
into  dark  places  and  tends  to  encourage  the  removal  of  dirt 
and  other  foreign  matters.  It  is  well  if  the  building  is  pro¬ 
vided  with  skylights;  and  if  not,  it  will  pay  to  put  in  at  least 
one,  and  have  the  crane  kept  under  it  when  not  in  use.  Xo 
one  can  clean  well  in  the  dark,  and  dirty  machinery  is  always 
more  or  less  dangerous  machinerv.  The  selection  of  a  crane 
occurs  once,  but  the  keeping  of  it  in  order  is  required  as  long 
as  it  is  in  service,  and  vigilance  should  not  be  relaxed. 

DISCUSSION. 

Mr.  Hirsch — Will  you  kindly  give  us  a  little  more  in- 
formation  regarding  the  relative  values  of  the  chain  and  wire 
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rope  cables  ? 

Mr.  Flanagan — I  do  not  know  that  I  can  give  you  any 
very  exact  information.  Chains  are  used  in  the  majority  of 
cases,  especially  with  high- power  cranes.  Of  course  wire  rope 
rolls  up  more  compactly  on  the  drum  and  has  other  advantages, 
but  it  is  used  in  only  a  small  proportion  of  cases.  The  wire 
rope  is  used  frequently  on  some  of  the  large  hoisting  machines 
known  as  shears  winding  over  multiple  sheaves  as  in  passenger 
elevators,  but  for  general  heavv  crane  work  the  chain  seems 
to  be  considered  the  best  and  stands  abuse  best.  A  notable 
example  of  the  wire  rope  hoist  is  the  hundred  ton  shears  at 
Sparrow's  Point,  which  unloaded  the  great  Krupp  gun. 
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Mr.  Camp — It  is  my  opinion  that  the  wire  rope  has  pro¬ 
nounced  advantages  over  chains,  blit,  on  account  of  the  fixed 
ratio  of  the  diameter  of  the  rope  to  the  size  of  the  sheave,  its 
use  is  prohibited  in  the  heavy  cranes  on  account  of  the  lack  of 
room  for  the  numerous  sheaves. 

M  k.  Flanagan — Mr.  Camp  has  just  hit  the  nail  on  the 
head.  As  stated  in  the  paper,  the  drum  should  not  be  less  than 
20  times  the  diameter  of  the  chain.  With  the  wire  rope,  the 
sheave  would  be  much  larger,  and,  while  a  suitable  drum  might 
be  provided,  the  shackle  constructed  with  such  large  sheaves 
would  be  unsightly  and  cumbersome. 

Mr.  Bole — The  necessary  diameter  of  a  sheave  makes 
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the  rope  almost  prohibitory  for  most  purposes.  It  would  make 
it  impossible  to  let  the  sheave  down  into  a  limited  area.  Some 
hree  or  four  years  ago  Mr.  Diescher,  a  very  experienced  mem¬ 
ber  of  our  Society,  who  has  had  quite  a  good  deal  of  experience 
with  wire  rope  in  connection  with  inclined  railways,  stated  in 
a  paper,  that  the  wire  rope  gave  a  forewarning  of  approaching 
decay  much  sooner  and  better  than  a  chain  did.  It  is  possible 
to  have  a  number  of  the  strands  in  a  wire  rope  broken,  and 
still  it  will  be  serviceable  if  the  breaks  were  not  too  near  each 
other;  the  rope  would  still  be  strong  in  spite  of  the  breaks. 
But  while  a  wire  rope  will  give  warning  of  its  approaching 
decay,  a  chain  very  often  breaks  without  any  warning.  The 
wire  rope  is  being  used  so  extensively  in  elevators,  inclined 
railways  and  similar  machinery  that  it  certainly  deserves  con¬ 
sideration,  but  both  the  chain  and  the  wire  rope  have  their 
limitations. 

Mr.  Flanagan — Several  years  ago,  I  believe  it  was  in 
1896,  Mr.  Diescher  showed  us  in  this  room  some  pieces  of  wire 
rope  removed  from  one  of  the  inclined  planes.  This  rope  would 
doubtless  have  endured  the  service  for  a  considerably  longer 
time  but  the  desire  to  be  upon  the  safe  side  had  led  to  its  being 
replaced  when  a  certain  number  of  fractured  strands  appeared 
within  a  given  distance.  As.  Mr.  Diescher  explained,  it  is  not 


258  engineers’  society  of  western  Pennsylvania. 

the  direct  tension  that  causes  fracture,  but  the  repeated  bend¬ 
ing  causing  brittleness,  which  is  indicated  bv  the  fact  that  the 
broken  ends  of  the  wires  do  not  part  for  a  considerable  time 
after  the  break  occurs. 

Col.  Roberts — I  would  like  a  little  information  on  the 
tensile  strength  of  wrought  iron  crane  chains.  I  recently  had 
occasion  to  investigate  this  subject  a  little  and  the  information 
received  was  very  decidedly  mixed  up.  Many  advised  against 
a  chain  of  the  highest  tensil  strength,  and  one  or  two  manu- 
facturers  refused  to  bid  on  such  a  chain. 

Mr.  Bole — An  o’d  maker  of  chains  used  to  make  chains 
for  us  out  of  what  was  guaranteed  to  be  the  best  Sligo  iron, 
bought  specially  for  the  purpose.  This  was  guaranteed  to  be 
of  the  very  best  quality,  of  high  tensile  strength,  and  appar¬ 
ent  v  made  an  excellent  chain.  We  used  that  same  iron  in 
our  forge  shop.  Small  forgings  from  it  frequently  became 
brittle  when  cold  and  would  snap  off  under  shock,  but  if  it  was 
thrown  into  the  water,  the  iron  became  tougher  and  more 
fibrous.  I  take  it  that  a  good  welding  quality  would  be  one 
of  the  most  desirable  qualities  in  a  chain,  as  would  also  be  the 
absence  of  a  tendency  to  crystalization  and  deterioration. 

Mr.  Flanagan — Chains  for  ordinary  use  are  not  made  of 
material  of  high  tensile  strength,  but  of  that  which  is  tough 
and  ductile,  and  the  usual  course  is  to  simply  get  from  reliable 
manufacturers  their  best  product,  as  they  are  fully  aware  that 
chains  are  liable  to  a  great  degree  of  misuse  and  abuse,  and 
they  endeavor  to  meet  these  conditions.  For  some  special 
requirements  it  may  be  admissible  to  use  steel  of  higher  tensile 
strength,  but  at  what  sacrifice  of  toughness  this  increased 
strength  is  secured  must  be  determined  for  each  case  by  the 
service  required  of  it  and  the  care  it  will  receive  in  use. 

Mr.  Johnson  —  1  think  that  the  judgment  of  crane 
builders  in  this  matter  between  the  advantages  of  the  chain  as 
against  those  of  the  wire  rope  is  due  largely  to  conservatism. 
They  do  not  like  to  change  from  the  chain  to  the  wire  ropes. 
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Some  time  ago  I  had  something  to  do  with  the  designing  and 
purchase  of  a  heavy  traveling  crane.  It  was  designed  for  a 
wire  rope  but  when  it  went  to  the  manufacturers  they  would 
not  bid  on  anything  but  a  chain.  In  my  opinion  the  wire  rope 
is  far  and  away  ahead  of  the  chain  in  the  matter  of  utility  and 
reliability.  It  never  breaks  until  it  is  worn  out,  and  it  is  very 
oasy  to  inspect  it  from  time  to  time.  You  can  get  a  good  line 
on  it  from  just  running  your  hand  along.  I  think  the  adher¬ 
ence  of  the  crane  manufacturers  to  the  chain  is  largely  a 
matter  of  prejudice. 

Member — One  thins:  should  be  taken  into  consideration 
in  the  running  of  electric  cranes,  and  that  is  the  operator. 
There  must  be  a  competent  man  to  do  the  work.  Careless 
running  will  do  more  to  injure  and  wear  out  a  crane  than  work 
will  do.  I  saw  recently  a  three  and  four  ton  electric  crane 
operated  very  carelessly.  It  was  started  with  a  jerk  and 
stopped  the  same  way,  with  a  resultant  jarring  and  jarring 
that  was  very  damaging  to  the  apparatus.  It  was  started  up 
suddenly  and  stopped  too  suddenly.  The  crane  was  all  right; 
it  was  bad  handling. 

Mr.  Bole — The  ability  of  the  man  who  directs  the  work- 
ing  of  a  crane  is  a  very  important  consideration.  A  number 
of  foundry  people  have  been  killed  simply  because  the  man 
who  was  in  charge  of  the  machinery  lost  his  nerve.  All  crane 
operators  should  be  skillful,  competent  men,  and  should  be  well 
paid.  In  case  of  every  crane  accident  almost  the  first  ques¬ 
tion  asked  is,  “Who  was  running  the  crane?"  It  is  poor 
policy  to  put  a  machine  that  is  liable  to  become  an  instrument 
of  destruction  into  the  hands  of  an  inexperienced  man. 

Mr.  Bole — The  question  of  hooks  is  also  a  very  impor¬ 
tant  one.  It  does  not,  however,  cut  much  of  a  figure  with 
small  weights,  but  when  one  is  dealing  with  large  weights  the 
question  of  hooks  and  chain  slings  deserves  a  good  deal  of 
attention.  Every  hook  and  link  must  be  of  proper  strength 
and  condition  or  else  an  accident  is  liable  to  occur.  Many 
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accidents  that  do  occur  are  due  to  carelessness  in  selecting:  too 
light  a  sling  chain  because  it  is  more  easily  handled  by  the 
man  who  makes  the  hitch. 

Mr.  F.  A.  Kundle — I  find  it  very  hard  to  introduce  a 
wire  rope  crane  in  a  rolling  mill  and  believe  the  objection  is 
mere  prejudice.  In  my  personal  experience  of  fourteen 
years,  I  have  never  had  an  accident  with  a  wire  rope  crane, 
although  I  have  had  several  with  chains.  It  is  a  very  difficult 
matter  to  inspect  a  chain.  The  links  may  become  damaged  or 
crystallized  and  the  inspection  would  have  to  be  very  close  to 
detect  it.  With  a  wire  rope  the  least  break  in  the  strand  is 
easily  discernible.  In  regard  to  the  brake,  I  believe  the  hand¬ 
brake  is  the  better.  It  seems  to  me  that  it  is  a  disadvantage 
to  have  the  operator  stand  on  one  foot.  In  the  foot  brake  the 
operator  may  put  his  foot  down  hard  and  bring  the  machinery 
to  a  very  sudden  stop.  I  think  the  machinery  can  be  the  better 
controlled  with  the  hand  brake. 

Mr.  Flanagan — There  is  something  to  be  said  upon  both 
sides  of  the  question.  1  think  the  foot  brake  can  be  operated. 
with  as  much  care  and  accuracy  as  the  hand  brake,  and  it  is' 
often  an  advantage  to  have  the  hands  free  to  operate  the  con¬ 
trollers. 

On  motion  the  Society  adjourned. 

Reginald  A.  Fessenden, 

Secretary.. 

*/ 

MEETING  OF  THE  CHEMICAL  SECTION. 

Pittsburgh,  Pa.,  October  IT,  1900. 

The  regular  monthly  meeting  of  the  Chemical  Section  was 
held  at  110  Penn  Avenue. 

Mr.  Jas.  O.  Handy  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 
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The  chairman  appointed  the  following  members  to  assist 
him  in  obtaining  papers:  Prof.  Phillips,  Dr.  Stahl  and  Mr. 
Gross. 

After  discussing  many  interesting  subjects  the  Section  ad¬ 
journed  at  10.20  P.  M. 

Geo.  O.  Loeffler, 

Secretary  C.  S. 


ABSTRACT  OF  DISSCUSSION  AT  THE  MEETING  OF  THE 

CHEMICAL  SECTION. 

Palladium  Asbestos.  Prof.  Phillips  prepares  it  by  rolling 
straight  fibrous  asbestos  between  two  glass  plates  until  the 
fibers  are  well  separated.  The  asbestos  is  then  moistened  with 
palladium  chloride  solution,  dried  and  ignited  over  a  bunsen 
burner.  If  necessary  the  fibres  are  again  rolled  and  the  im¬ 
pregnation  and  ignition  repeated.  The  speaker  had  found  it 
unnecessary  to  use  any  reducing  agent  with  the  palladium 
chloride. 

Carbon  monoxide  may  be  quantitatively  recognized  in  gas¬ 
eous  mixtures  by  its  power  of  reducing  palladium  when  passed 
through  a  slightly  acid  solution.  Palladium  in  alkaline  solu¬ 
tion  is  not  reduced  while  gold  solutions  behave  in  exactly  the 
opposite  way,  being  reduced  only  in  alkaline. 

Palladium  may  be  detected  qualitatively  by  passing  car¬ 
bon  monoxide  through  suspected  acidified  solutions.  (Prof. 
Phillips.) 

A  Gooch  filter  packed  with  spongy  platinum,  recommended 
by  Heraens,  was  described  by  Dr.  Stahl.  (W.  C.  Heraens, 
Zeit  Aug.  Chemie,  heft  30,  p  745.) 

The  Orsat  gas  apparatus  was  discussed.  It  was  decided 
that  its  popularity  was  due  to  its  compactness  and  portability 
and  to  the  possibility  of  rapid  manipulation.  The  reagents 
also  are  economically  used,  which  is  not  the  case  in  the  Elliot 
apparatus. 
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The  Dellwik  Water  Gas  Process  as  described  in  the  latest 
issue  of  the  Iron  and  Steel  Institute  Journal,  by  Carl  Dellwik, 
the  inventor,  was  discussed  after  a  brief  abstract  had  been  read 
by  Mr.  Graver.  The  inventor,  by  increasing  the  pressure 
of  his  blast,  shortens  the  “blowing  up'’  period  to  2  minutes  for 
each  10  minutes  of  gas  making.  The  economy  effected  by  this 
simple  modification  is  enormous.  Instead  of  obtaining  an  ef¬ 
ficiency  of  40  to  50  c/o  of  the  heat  value  of  the  coke  used,  the 
gas  obtained  by  Dellwik  represents  80  to  90%  of  the  B.  T.  U. 
in  the  coke  used  in  the  generator  and  in  the  fuel  used  under  the 
boilers.  The  gas  made  is  a  high  grade  water  gas.  The  pro¬ 
cess  has  been  investigated  and  favorably  reported  on  by  Prof. 
Vivian  B.  Lewis,  of  Greenwich,  and  Dr.  George  Lunge,  of 
Zurich. 

Alumina  in  ores ,  cinders ,  etc.  Mr.  Camp  had  applied 
the  ether  method  for  separating  the  greater  part  of  the  iron  to 
materials  of  this  class.  The  work  remaining  was  by  this  means 
much  simplified. 

Acid  water  in  the  rivers.  On  account  of  the  dry  season, 
the  acid  iron  water  from  the  coal  mines  has  come  to  form  a 
large  proportion  of  the  river  water.  In  order  to  protect  their 
boilers  manufacturers  have  to  use  soda  ash.  At  Duquesne  the 
river  contained  8  parts  of  acid  per  100,000  on  the  day  of  the 
meeting.  Mr.  Camp  stated  that  foaming  was  not  a  neces¬ 
sary  accompaniment  of  the  neutralization  with  soda  ash  of 
water  containing  considerable  amounts  of  acid.  It  was  more 
apt  to  occur  in  locomotive  than  in  stationary  boilers.  In  either 
case  blowing  down  should  be  frequent. 

Abstracts  by  Jas.  O.  Handy. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  one  hundred  and  ninth  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in 
the  lecture  room  of  the  Society’s  House,  410  Penn  avenue, 
Tuesday  evening,  November  20,  1000,  ninety-seven  members 
and  visitors  being  present.  The  meeting  was  called  to  order 
by  the  President,  Mr.  W.  A.  Pole. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

For  the  Board  of  Directors,  the  following  applicants 
were  reported  as  passed  and  to  be  voted  for  at  the  next  regular 


meeting  : 


ALONZO  L.  CONNER, 


JOHN  W.  LANDIS, 


Mechanical  Engineer, 

With  American  Tin  Plate  Co., 
McKeesport,  Pa. 

Manager, 

Pittsburg  Office,  The  Goubert 
Mfg.  Co.,  501-2  Murtland  Bldg., 
Pittsburg,  Pa. 

WILLIAM  GARDNER  SHROM,  With  Westinghouse,  Church,  Kerr 

&  Co,  358  Atlantic  Ave.,  Pitts¬ 
burg,  Pa. 

The  following  gentlemen  were  balloted  for  and  duly  elect- 
ed  to  membership  : 

Manager, 

Pittsburgh  Branch  of  The  Iron 
Trade  Review,  Cleveland,  Ohio, 
429  Park  Bldg.,  Pittsburg,  Pa. 
House,  430  Arabella  Street,  Knox¬ 
ville,  Pa. 

Machine  Dealer, 

Carlin  Machinery  and  Supply  Co.. 
Allegheny,  Pa.,  House,  435  Gra¬ 
ham  Street,  Pittsburg,  Pa. 


A.  O  BACKERT, 


JOHN  H.  CARLIN, 
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MARTIN  J.  DOWLING,  -  -  Superintendent, 

Bessemer  and  Open  Hearth  De¬ 
partment  of  Jones  &  Laugh  1  ins 
Co.,  Pittsburg,  Pa.  House,  Ward 
and  Cato  Streets,  Pittsburg,  Pa. 

CHARLES  VAN  CPE  WHEELER,  Superintendent, 

Projectile  Department,  Firth-Stir- 
ling  Steel  Co.,  Demmler,  Pfi. 
House,  1014  Ridge  Ave.,  Alle¬ 
gheny,  Pa. 

The  following  memorial  on  the  death  of  James  Hemphill, 
prepared  by  Wm.  Metcalf  and  Julian  Kennedy,  was  read  by 
the  Secretary  and  ordered  printed  in  the  proceedings  of  the 
Society: 

MEMORIAL  ON  DEATH  OF  MR.  JAMES  HEMPHILL. 

James  Hemphill  was  born  in  Mechanicsburg,  Cumberland 
county,  Pennsylvania,  July  22d,  1827,  and  lived  there  until 
1846,  when  his  family  removed  to  Tarentum,  in  Allegheny 
county,  Penn' a. 

In  1847,  after  locating  at  Tarentum,  he  was  apprenticed 
to  Mr.  Samuel  Black  (still  living  at  McKeesport,  Pa.),  at  the 
blacksmith  trade,  at  which  he  served  for  three  years. 

In  1850  he  went  to  Pittsburg  and  was  employed  under 
Mr.  Joseph  French,  then  the  engineer,  and  subsequently  for 
many  years  the  Superintendent  of  the  Pittsburg  Water  Works. 
On  Mr.  French’s  appointment  as  superintendent,  Mr.  Hemp¬ 
hill  succeeded  him  as  engineer.  During  his  employment 
at  the  Water  Works,  not  being  satisfied  with  confin¬ 
ing  himself  to  that  business  alone,  he  devoted  himself  in  his 
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off  hours  at  home  to  casting  bagga ge  checks,  having  received 
flattering  commendations  from  the  late  Thomas  A.  Scott,  of 
the  Pennsylvania  Railroad,  then  Superintendent  of  the  Pitts¬ 
burg  Division  of  that  road,  for  the  finish  and  neatness  with 
which  he  turned  them  out.  He  has  very  frequently  referred 
to  Mr.  Scott  as  the  man  who  gave  him  his  first  start  in  life  by 
enabling  him  to  earn  a  little  extra  money. 
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About  1856  or  1857  lie  invested  some  money,  with  other 

& 


in  a  little  machine  shop,  which  was  really  the  tool  shop  of  the 
abandoned  steel  works  of  McKelvy  cS!:  Blair,  standing  on  the 
ground  subsequently  occupied  by  Ilussey,  Wells  A  Co.,  one  of 
the  first  steel  works  in  Pittsburg.  In  the  course  of  a  few 
years  he  withdrew  from  that  partnership  and  in  1850  he 
entered  into  one  with  the  late  W.  8.  Mackintosh  and  X.  F. 
llart,  in  a  shop  at  the  corner  of  Twelfth  and  Pike  Streets, 
Pittsburg,  devoting  his  whole  time  to  that  enterprise.  From 
this  small  beginning  the  “  Fort  Pitt  Foundry  **  of  Mackintosh, 
Hemphill  &  Company  has  grown. 

The  history  of  Mr.  Hemphill  for  the  last  thirty  years  is 

practically  a  history  of  the  iron  and  steel  business  of  the 

United  States.  There  is  scarcely  a  steel  works  in  the  country, 

of  any  importance,  for  which  he  has  not  constructed  more  or 

less  of  the  machinery. 

•/ 

As  an  engineer,  Mr.  Hemphill  was  noted  for  building 
high  grade  machinery,  having  always  kept  in  the  lead  in  build- 
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ing  machines  of  rugged  and  massive  proportions,  and  would 
always  build  a  machine  as  he  thought  it  should  be,  even  if  he 
lost  money  on  its  construction.  The  work  which  his  firm  turned 
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out  has  always  been  noted  as  much  for  thoroughness  of  work- 
manship  and  excellence  of  material,  as  for  strength  and 
solidity,  and  no  engineer  in  the  world  has  probably  ever  built 
the  same  amount  of  machinery,  which  has  run  so  uniformly 
well  and  with  so  few  breakdowns.  Mr.  Hemphill  was  the 
pioneer  in  this  country  of  the  system  of  reversing  mills, 
which  have  done  so  much  to  cheapen  the  cost  of  steel.  He 
was  prominently  connected  with  the  construction  of  the  Home¬ 
stead  works  and  the  Duquesne  Works,  now  owned  by  the 
Carnegie  Steel  Company;  also,  of  the  Carrie  Furnaces,  all  of 
which  were  very  successful. 


He  was  not  only  great  as  an  engineer,  but  as  a  business 
man,  and  his  judgment  was  always  sought  by  many  people  in 
regard  to  business  questions  as  well  as  mechanical  ones.  In 
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1893  he  accepted  the  presidency  of  the  newly  organized 
National  Bank  of  Western  Pennsylvania  to  which  his  charac¬ 
ter  for  prudence  and  good  business  judgment  lent  no  little 
strength. 

To  those  who  knew  him  it  is  superfluous  to  say  that 
above  even  his  abilities  as  an  engineer  and  business  man,  were 
his  unqualified  integrity,  business  honor  and  sense  of  the 
strictest  justice.  To  the  latter  is  doubtless  due  the  fact,  that, 
in  his  own  career  as  a  manufacturer,  there  was  never  a  strike 
of  workmen  against  his  establishment.  Where  whole  crafts 
struck  as  a  mass  against  all  establishments  of  the  kind  in  the 
city,  of  course,  it  was  not  to  be  expected  that  his  works 
would  be  an  exception,  but  no  employer  in  the  country  ever 
had  more  of  the  regard  and  confidence  of  his  employes,  than  he. 

Your  committee  only  expresses  the  feeling  of  every  one 
who  knew  him,  in  saying  that  a  great  man  and  one  who  will 
long  be  remembered,  is  lost  to  us  in  the  death  of  Mr.  Hemphill. 

William  Metcalf, 
Julian  Kennedy. 

t 

The  Secretarv  read  the  following  communications  from  the 

c/  o  . 

United  States  Department  of  Agriculture  : 

Washington,  D.  0.,  October  25,  1900. 

Dear  Sir  : 

The  Office  of  Public  Road  Inquiries  is  in  receipt  of  calls 
for  National  Good  Roads  and  Irrigation  Congresses  to  be  held 
at  Chicago,  Ill.,  November  19  to  2d,  inclusive.  The  calls  are 
signed  by  Col.  W.  H.  Moore,  President  of  the  State  and  Inter- 
state  Good  Roads  and  Public  Improvement  Association  of  St. 
Louis,  Mo.;  George  H.  Maxwell,  Chairman  Executive  Com¬ 
mittee,  National  Irrigation  Association  ;  Hon.  Carter  Harrison, 
Mayor  of  Chicago,  and  Hon.  John  R.  Tanner,  Governor  of  Illi¬ 
nois.  The  Irrigation  Association  will  meet  in  conjunction  with 
the  Good  Roads  Congress.  The  first  three  days  will  be  devoted 
to  road  improvement  and  the  last  three  days  to  irrigation. 

J.  v  O 


During  the  present  season  road  conventions  have  been  held 
in  the  larger  cities  of  the  States  throughout  the  Northwest. 
The  objects  of  the  Chicago  meeting  are  similar  to  those  of  the 
other  Western  conventions,  i.  e. ,  to  promote  more  general 
interest  in  the  improvement  of  the  public  roads,  to  discuss  the 
best  methods  of  building  and  maintaining  them,  and  to  promote 
good-roads  legislation  in  the  various  States.  Speakers  of 
national  reputation  will  be  present  to  discuss  good-roads  ques¬ 
tions  from  political,  social,  and  commercial  standpoints. 

The  governors  of  the  several  States,  the  mayors  of  cities 
and  towns,  the  local  road-improvement  associations  and  so¬ 
cieties,  the  boards  of  trade,  the  chambers  ox  commerce,  the 
farmers'  clubs  and  institutes,  the  railway  and  other  transpor¬ 
tation  companies,  wheelmeirs  leagues,  and  all  other  organiza¬ 
tions  concerned  or  interested  in  the  road  subject  are  especially 
invited  to  send  delegates,  and  the  presence  of  all  friends  of  the 
movement  is  earnestly  solicited. 

Hoping  that  you  may  be  able  to  attend  and  participate  in 
the  proceedings,  and  that  the  objects  of  the  meeting  may  be 
fully  attained,  I  am, 

Very  respectfully, 

Martin  Dodge, 

Director. 


Washington,  D.  C. 

Dear  Sir  : 

The  Secretary  of  Agriculture  has  established  in  the  Divi¬ 
sion  of  Chemistry  a  laboratory  for  testing  physically  and 
chemically  all  varieties  of  road  materials.  These  substances 
include  rocks  of  all  kinds,  gravel,  shells,  brick,  clays,  and  other 
bodies  used  in  road  building  in  country  districts,  but  do  not 
include  materials  for  municipalities.  This  laboratory  will  be 
ready  for  operation  about  the  1st  of  December. 
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Any  person  desiring  to  have  road  materials  tested  in  this 
laboratory  is  advised  to  write  to  the  Office  of  Public  Road 
Inquiries,  Department  of  Agriculture,  Washington,  D.  C.,  for 
instructions  in  regard  to  the  methods  of  selecting  and  shipping 
samples. 

Specimens  will  he  tested  in  the  order  in  which  they  are 
received,  excepting  those  sent  by  the  special  agents  of  the 
Department,  which  will  be  given  preference  over  all  others. 

Samples  of  miscellaneous  nature,  not  taken  in  accordance 
with  the  directions  given  bv  the  ( )ffice  of  Public  Road  In- 
quiries,  will  not  be  examined. 

A  full  description  of  the  laboratory  and  its  installation 
and  the  methods  of  conducting  the  tests  will  be  given  in  a  forth- 
coming  publication  of  the  Department. 

Very  respectfully, 

Martin  Dodge, 

Director. 


It  was  voted  that  a  nominating  committee  of  three  be 
appointed  by  the  president,  to  report  at  the  next  meeting  the 
nomination  of  officers  for  the  coming  year.  The  President  ap- 
pointed  the  following  Past  Presidents  to  act  on  this  committee: 
Messrs.  Harry  J.  Lewis,  Emil  Swensson  and  Geo.  S.  Davison. 

Next  in  order  was  the  paper  of  the  evening  by  Mr. 
Francis  Hodgkinson,  entitled,  u  Steam  Turbines,  with  special 
reference  to  the  Westinghouse-Parsons  Steam  Turbine." 
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“STEAM  TURBINES— WITH  SPECIAL  REFERENCE 
TO  THE  WESTINGHOUSE-PARSONS 

STEAM  TURBINE/' 

% 

BY  FRANCIS  HODGKINSON. 


The  earliest  records  of  steam  engineering  are  to  he  found 
among  the  relics  of  Ancient  Egypt.  About  120  B.  C.  Alex- 
andria  was  at  the  zenith  of  her  civilization.  At  this  time 
Hero,  probably  contemporary  with  Euclid  and  Archimedes, 
wrote  his  celebrated  work  “ Sjriritalia  Sen  Pneumatica."  In 
it  he  described  several  forms  of  mechanical  apparatus.  The 
use  of  the  steam  jet  for  accelerating  combustion;  the  expansion 
of  air  when  heated  in  a  closed  vessel,  several  forms  of  steam 
boilers,  various  hydraulic  apparatus  for  opening  and  closing 
temple  doors.  The  most  interesting  among  all  these  is  describ¬ 
ed  a  reaction  steam  turbine.  It  consisted  of  a  boiler,  above 
which  is  a  sphere  mounted  upon  two  trunnions.  By  means  of 
these,  steam  is  admitted  to  the  interior  of  the  sphere.  On  the 
equator  were  attached  two  bent  pipes,  such  that  the  issuing 
steam  reacted  upon  the  sphere  and  caused  it  to  revolve  about 
its  trunnions. 

It  is  unknown  whether  this  engine  was  ever  more  than  a 
mechanical  toy,  although  it  is  very  possible  it  may  have  been 
used  by  the  priests  for  driving,  so-called  magical  apparatus 
where  high  speed  was  desirable. 

The  next  turbine,  capable  of  any  practical  development, 
and  which  may  be  regarded  as  the  forerunner  of  the  de  Laval 
Turbine,  was  invented  by  Bianca  in  1620.  In  consisted  simply 
of  a  jet  of  steam  impinging  upon  the  vanes  of  a  paddle  wheel 
and  blowing  it  around. 

A  century  later,  1705,  the  reciprocating  engine  appeared. 
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and  from  that  time  until  the  last  few  years,  practically  nothing 
was  done  in  the  development  of  steam  turbines. 

Before  leaving1  this  brief  historical  review,  it  is  interesting 

o  '  © 


to  record  that  Mr.  Parsons,  with  a  view  of  exploring  the  pos¬ 
sibilities  of  a  reaction  steam  turbine,  constructed  one  on  the 
lines  of  Hero’s  engine.  The  sphere  was  replaced  by  two  hollow 
oval  sectioned  arms,  mounted  upon  a  hollow  shaft,  with  jets 
;it  the  outer  ends,  through  which  the  steam  issued  tangentially 
to  the  plane  of  motion.  The  whole  was  enclosed  within  a  cast 
iron  case  and  connected  to  a  condenser. 

With  100  pounds  per  square  inch  at  the  jets,  and  26" 
vacuum  in  the  exhaust  casing,  a  speed  of  5,000  R.  P.  M.  was 
attained  and  20  II.  P.  developed.  The  consumption  of  steam 
was  40  pounds  per  brake  H.  P. 

It  is  not  a  little  remarkable  that  the  latest  developments 
of  steam  engineering  should  be  returning  to  the  earliest  form 

n  ^  •  cj 


of  engines  of  which  we  have  record.  It  is  still  more  remark- 
able  that  the  engine,  as  described  by  Hero,  had  greater 
economy  than  any  steam  engine  produced  for  IS  or  even  20 

f 

centuries  later. 

The  fundamental  principle  of  the  steam  turbine,  in  contra¬ 
distinction  to  the  reciprocating  steam  engine,  lies  in  the  fact 
that  the  latter  does  work  by  reason  of  the  static  expansive  force 
of  the  steam  acting  behind  a  piston,  while  in  the  former  case 


the  work  is  developed  by  the  kinetic  energy  of  particles  of 
steam,  which  are  given  a  high  velocity  by  reason  of  the  steam 
expanding  from  one  pressure  to  a  lower. 

Steam  turbines  may  be  divided  into  three  classes: 

1st.  Impact,  of  which  Bianca's  is  an  example. 

2nd.  Reaction,  of  which  Hero's  is  an  example. 

‘3rd.  A  combination  of  both  of  these,  of  which  Parsons’ 
is  an  example. 

It  is  proposed  in  this  paper  to  deal  only  with  two  forms 
which  have  attained  some  degree  of  commercial  success;  namely, 

n  j  j 

the  Parsons  and  the  de  Laval,  particularly  the  former. 
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The  general  principles  made  use  of  in  water  turbines  also 
apply  to  steam  turbines.  The  buckets  and  guides  must  have 
as  little  skin  friction  as  possible,  and  so  arranged  that  the 
acting  fluid  may  strike  without  sudden  shock,  and  have  its 
direction  of  motion  changed  without  sharp  angular  deflections. 
One  difficulty,  however,  presents  itself,  and  is  due  to  the  tre¬ 
mendous  velocity  of  steam  as  compared  with  that  of  water 

under  ordinary  heads. 

%/ 

The  laws  governing  the  best  velocity  of  buckets  are  the 
same  as  for  water  wheels.  In  the  impact  turbine  the  ideal 
condition  is  when  the  peripheral  velocity  of  flu*  buckets  is  one- 
half  that  of  the  fluid  comprising  the  jet.  In  the  reaction 
turbine  this  velocity  must  be  equal  to  that  of  the  jet  in  order 
to  give  us  this  ideal  condition.  Now  with  high  pressure  steam 
discharging  into  a  vacuum  the  velocities  obtained  are  from 
3,000  to  5,000  feet  per  second,  as  calculated  by  Zeuner’s  for¬ 
mula. 

A  turbine,  therefore,  built  on  the  lines  just  enumerated 
would  have  peripheral  velocities  far  beyond  the  limits  of 
strength  of  material.  As  an  example  a  10  inch  Hero's  engine 
would  revolve  at  75,000  revolutions  per  minute. 
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The  de  Laval  turbine,  shown  on  Fig.  1,  consists  of  a  di¬ 
vergent  nozzle  which  directs  the  jet  of  steam  upon  suitably 
formed  buckets  “A"  which  are  attached  to  the  periphery  of  a 
revolving  wheel.  The  outer  edge  of  the  buckets  is  shrouded 
by  a  steel  ring  “B”,  which  prevents  the  centrifugal  escape  of 
the  .steam.  The  unique  features  of  this  turbine  are  the  nozzle 
and  the  means  by  which  the  wheel  is  enabled  to  revolve  upon 
its  axis  of  gravity. 

With  regard  to  this  latter  point  a  difficulty  always  arises 
in  attempting  to  revolve  a  body  at  a  high  rotative  speed.  It  is 
essential,  in  the  first  place,  that  the  body  be  accurately  balanced, 
but  in  spite  of  all  care  this  cannot  be  attained  with  absolute 
accuracy.  The  result  is  that  with  ordinary  shaft  and  bearings, 
tremendous  vibrations  would  be  set  up  that  would  probably  re¬ 
sult  in  eventual  rupture  of  the  shaft.  De  Laval  overcomes  this 
difficulty,  however,  by  mounting  his  wheel  near  the  center  of 
a  long  light  shaft,  UC”  capable  of  being  considerably  bent  and 
returning  to  its  original  form.  The  shaft  is  mounted  upon 
bearings  of  ordinary  construction.  This  flexibility  enables  the 
forces  set  up  by  the  revolving  wheel  to  deflect  the  shaft  and 
enable  the  former  to  revolve  about  its  axis  of  gravity. 

The  nozzle  is  divergent.  In  it  the  whole  expansion  of  the 
steam  is  carried  out.  The  steam  at  the  mouth  of  the  nozzle 
has  the  same  pressure  as  the  exhaust.  In  other  words  the 
steam  has  its  energy  completely  transformed  into  mass  and 
velocity  by  the  time  it  comes  in  contact  with  the  buckets. 

This  brings  up  another  feature  of  the  turbine  and  is,  that 
with  the  exception  of  the  nozzles,  and  the  throats  of  the  noz¬ 
zles,  no  parts  are  subjected  to  steam  pressure.  It  is  well 
known  that  the  velocity  of  steam  flowing  through  an  orifice, 
from  a  greater  to  a  lesser  pressure,  increases  as  the  difference 
of  the  pressures  increases,  only  up  to  a  certain  limit.  This 
limit  is  reached  when  the  lower  pressure  becomes  less  than 
y^ths  of  the  higher.  Beyond  this,  however  much  the  steam 
pressure  is  increased,  the  velocity  of  steam  remains  practically 
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the  same — about  147f>  feet  per  second.  This  limit  of  velocity 
is  an  anomaly,  which  seems  t<>  have  been  never  satisfactorily 
explained. 

It  is  probably  due  to  the  fact  the  pressure  in  the  center  of 
the  throat  is  not  the  same  as  in  the  surrounding  medium.  The 
jet,  after  passing  the  throat,  suddenly  expands,  and  the  change 
of  direction  of  the  fluid  particles  gives  rise  to  centrifugal  forces. 
Experiments  all  show  that  a  jet,  discharging  from  a  reservoir 
of  high  pressure  into  a  lower  pressure,  where  the  difference  is 
greater  than  r%\,  that  the  pressure  in  the  throat  of  the  nozzle 
is  always  equal  to  yfrfs  of  the  absolute  pressure  of  the  reser¬ 
voir,  no  matter  how  great  may  be  the  difference  between  the 
two  pressures. 

The  action  of  steam  in  the  nozzle  may  be  shown  by  further 

« 1 

illustration. 


In  this  case  if  the  reservoir  were  tilled  with  water,  the 
velocity  issuing  would  be  found  by  the  formula  Y8=2gh  where 
h  is  the  actual  feet  head  of  water  above  the  nozzle.  In  the 
case,  however,  of  the  fluid  in  the  reservoir  being  steam  or  <»as 
instead  of  water,  h  must  be  changed  to  an  ideal  head,  which 
is  the  column  of  fluid  necessary  to  give  the  given  pressure  at 
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t he  level  of  the  nozzle.  This  ideal  head  is  equal  to  the  feet 
head  of  water  necessary  to  give  the  pressure,  multiplied  bv 
the  density  of  the  water  and  divided  by  the  density  of  the  fluid 
in  the  reservoir.  This  formula,  however,  is  only  approximate, 
and  is  only  good  up  to  the  before  mentioned  limits. 

With  small  differences  of  pressure,  such  that  Pm  is 
greater  than  .56  Pn,  the  fluid  will  issue  with  a  velocity  varying 
with  the  square  root  of  the  ideal  head,  which  will  increase  as 
the  difference  of  pressures  increase  until  we  reach  the  before 
mentioned  condition  of  maximum  discharge,  and  up  to  this 
point  the  steam  will  issue  from  the  nozzle  in  substantially 
straight  lines;  this  of  course  providing  the  nozzle  has  a  well 
rounded  entrance,  and  is  not  a  condition  that  might  be  termed 
u  an  orifice  in  a  thin  plate." 

When  the  pressure  is  increased  beyond  this,  the  steam 
expands  partially  outside  the  nozzle,  and  the  particles  cease  to 
issue  in  a  straight  line  as  before.  This  subsequent  expansion 
is  taken  advantage  of  bv  de  Laval,  by  means  of  his  divergent 
nozzle,  which  is  of  the  form  shown  i-n  Fig.  1. 

The  throat  is  at  “D. "  having  a  well  rounded  entrance, 
and  from  there  on  the  nozzle  diverges.  The  relation  of  the 
area  of  the  outlet  at  UE"  to  the  area  of  the  throat  at  “D  " 
should  satisfy  the  equation. 

Fm  Win  F,  Wa 

Vm  V3 

Fm  =  Sectional  area  of  the  throat. 

F,  —  u  “  ‘c  outlet. 

Wm  =  velocity  of  steam  at  throat. 

W,  =  “  “  “  outlet. 

Vm= specific  volume  of  steam  at  inlet. 

V,  =  “  “  “  “  outlet. 

This  equation  simply  states  that  equal  weights  of  steam 
pass  at  both  the  throat  and  the  outlet  in  equal  intervals  of  time. 

Practically  a  nozzle  must  be  made  with  the  area  at  the 
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exhaust  end  as  small  as  possible,  for  the  sake  of  fretting  the 
greatest  velocity,  but  just  so  large  that  the  pressure  will  not 
be  higher  than  that  of  the  exhaust  pipe. 

The  best  length  of  nozzle  is  hard  to  determine.  If  too 
long  there  will  be  considerable  loss  of  velocity  due  to  skin 
friction.  At  the  same  time  it  must  be  long  enough  to  admit 
of  proper  expansion  of  the  steam.  The  best  shape  of  the 
divergency  has  been  the  subject  of  investigation  by  various 
experimenters,  in  order  to  give  the  best  expansion  curve,  re¬ 
garded  as  a  single  particle.  The  writer’s  opinion  is  that  the 
best  results  in  this  respect  are  obtained  by  a  nozzle  whose 
section  is  very  near  an  ellipse. 


The  investigation  of  the  performance  of  steam  nozzles  is 
particularly  interesting— the  apparatus  usually  employed  is 
shown  in  Fig.  2. 

The  nozzle  for  the  experiment  is  at  “A,”  the  steam 
entering  at  “B”  discharges  through  the  nozzle  directly  into 
the  exhaust  pipe .  At  kk(  is  provided  a  small  searching  tube, 
sealed  at  one  end,  and  with  a  minute  hole  “D”  some  distance 
from  this  end.  At  the  other  end  is  provided  a  suitable  pres- 
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sure  gauge  or  mercury  column.  Means  are  provided  for  slid¬ 
ing  the  searching  tube  with  its  pressure  gauge  back  and  forth, 
when  pressures  may  be  read  with  the  hole  in  the  searching 
tube  in  different  positions  throughout  the  length  of  the  nozzle. 
From  these  figures  a  curve  of  pressures  may  be  developed  and 
from  this,  together  with  knowledge  of  the  weight  of  the  steam 
passing  the  nozzle  per  unit  of  time  and  the  exact  form  of  the 
nozzle,  a  sefcond  curve  may  be  developed  which  will  give  some 
idea  of  the  velocities  of  the  fluid . 

The  curves  on  Fig.  3  give  an  example  of  this.  They  have, 

however,  been  developed  theoretically  on  a  basis  of  adiabatic 

expansion,  that  all  the  energy  of  the  steam  between  the  limits 

of  pressure,  viz  :  150-lbs.  gauge  pressure  and  26"  vacuum  has 

been  converted  into  velocity  and  that  there  are  no  losses  due 

•/ 

to  skin  friction  or  through  loss  of  pressure  by  low  co  efficient 
of  efflux.  This  co-efficient  of  efflux  is  a  feature  of  the  en¬ 
trance  to  the  nozzle  and  varies  from  50%  in  an  orifice  in  a  thin 
plate  to  98%  in  a  well-rounded  orifice,  as  is  shown  in  Fig.  3. 

The  pressure  curve  is  an  adiabatic  expansion  line  from  the 
throat  to  the  outlet,  and  the  pressure  of  the  throat  .56  times 
the  absolute  pressure  of  the  steam  before  entering  the  nozzle. 

The  velocity  at  the  mouth  of  the  nozzle  is  shown  to  be 
3S10  feet  per  second  and  982-lbs.  steam  passing  per  hour — 
diameter  of  throat  TV,  theoretical  II.  P.  111.5. 

In  actual  practice  as  much  steam  as  this  could  not  be  made 
to  pass  for  the  reasons  just  given,  so  the  nozzle  would  require 
some  modification  in  consequence. 

Of  course  in  these  investigations  allowance  must  be  made 
for  the  area  of  the  searching  tube.  Fig.  d  shows  an  actual  ex- 
ample  of  a  nozzle  designed  for  discharging  into  vacuum,  Imt 
used  for  discharging  into  atmospheric  pressure,  and  shows  how 


the  steam  reaches  near  the  condition  of  vacuum  near  the  outlet 
and  afterwards  rises  to  the  exhaust  pressure. 

This  feature  is  to  a  certain  extent  taken  advantage  of  in  a 

C 

de  Laval  turbine,  designed  for  running  non-condensing.  The 

*  c?  «  '  i 
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nozzle  is  slightly  over-compounded  so  that  the  wheel  may  re¬ 
volve  in  a  partial  vacuum.  Some  gain  in  economy  is  the  re¬ 
sult,  by  reason  of  the  wheel  revolving  in  a  less  dense  medium. 

Fiff.  5  shows  rather  a  curiositv.  This  form  of  nozzle  was 
suggested  as  being  as  suitable  as  any  that  might  have  carefully 
constructed  curved  Avails,  and  that  the  steam  itself  would  take 
the  correct  passage  and  give  the  same  results,  so  long  as  the 
correct  ratio  of  throat  area  and  outlet  area  Avere  maintained. 
It  will  be  observed  how  the  pressure  line  forms  waves,  which 
exactly  correspond  with  some  lines  shown  in  the  nozzle  which 
appears  as  though  the  steam  particles  fall  very  near  to  the  ex- 
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Fig.  5. 

haust  pressure  immediately  on  leaving  the  throat.  They  strike 
the  walls  and  rebound,  meeting  together  at  the  point  “A, '’when 
they  form  a  point  of  pressure,  again  striking  the  walls  at  “B," 
meeting  a«;ain  at  UC"  and  so  on. 

In  the  de  Laval  turbine  the  nozzles  are  set  at  an  angle  of 
20°  with  the  plane  of  motion  of  the  buckets,  which  is  as 
acute  an  angle  as  is  possible. 

The  action  of  the  steam  on  the  buckets  may  be  shown  by 
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the  diagram  of  parallelogram  of  velocities,  Fig.  6,  which  shows 
an  ideal  condition  which  could  seldom  be  obtained  in  practice. 

V  is  the  direction  and  velocity  of  the  steam  issuing  from 
the  nozzle. 

To  the  velocity  and  direction  of  the  buckets. 

Component  V  is  the  relative  angle  and  velocity  with  which 
the  steam  strikes  the  bucket. 

Y2  is  the  relative  direction  and  velocity  of  the  steam 
leaving  the  buckets. 

o 

V,  is  therefore  the  absolute,  direction  and  velocity  of  the 
steam  leaving  the  buckets. 

It  will  be  observed  here  that  V,  is  a  horizontal  line,  so 
that  the  combination  is  one  of  maximum  efficiencv,  the  onlv 

« j  j  t/ 

losses  being  due  to  the  angularity  of  the  nozzle. 

By  reason  of  the  tremendous  velocities  of  steam,  a  dia¬ 
gram,  similar  to  Fig.  7,  is  what  is  generally  obtained  in  prac¬ 
tice.  It  will  be  noted  that  the  an^le  of  the  bucket  at  the  en- 
trance  corresponds  with  that  of  the  component  X x.  It  is  usual 
to  have  the  angle  of  outlet  making  an  angle  with  the  plane  of 
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motion,  equal  to  that  of  the  inlet  with  the  same  plane,  thus 
taking  away  practically  all  end  thrust. 

These  turbines,  especially  the  larger  sizes,  are  equipped 
with  several  nozzles,  some  of  which  are  provided  with  inde¬ 
pendent  stop  cocks,  such  that  the  number  of  nozzles  in  opera¬ 
tion  may  be  adjusted  to  suit  the  condition  of  running  in  order 
to  obtain  the  most  suitable  steam  pressure  in  the  throats. 

These  turbines  are  essentially  of  very  high  speed.  The 
smaller  sizes  run  about  30,000  R.  P.  M.  and  are  geared  down 
to  about  3,000;  the  larger  sizes,  about  10,000  R.  P.  M.  The 
peripheral  speed  of  the  wheel  is  usually  from  600  to  1,200  ft. 
per  second.  The  reduction  of  speed  is  accomplished  by  means 
of  a  pair  of  helical  spur  gears  with  the  angle  of  helix  45°. 

These  gears  form  by  far  the  biggest  part  of  the  whole 
outfit.  The  remaining  portions  of  these  turbines  have  no 
remarkable  features.  The  regulation  is  effected  by  means  of 
a  fly-ball  governor  which  is  on  the  slower  running  shaft  and 
wire  draws  the  steam  at  the  admission. 

Some  tests  of  a  10  H.  P.  turbine  were  communicated  to 
the  A.  S.  M.  E.  in  1895,  in  which  the  turbine  described  had 
four  nozzles  of  .138  diameter  and  one  of  .157  diameter  of 
throat.  The  nozzles  were  two  inches  long  from  throat  to 
outlet. 

The  speed  of  the  turbine  was  23771  K.  P.  M.  reduced  by 
gearing  to  2400,  the  economy  full  load,  non-condensing  was 
47.8  pounds  per  B.  H.  P.  This  economy  is  by  no  means  bad 
when  the  small  power  of  the  outfit  is  considered. 

In  December,  1899,  some  tests  were  made  in  France  under 
the  following  conditions:  192  lbs.  boiler  pressure,  with  69°  F. 
of  super  heat;  mean  H.  P.  307.8;  li.P.M.  772.  The  consump¬ 
tion  of  steam  was  13.92  lb.  per  effective  H.  P. 

The  first  Parson's  steam  turbine  and  generator  was  built 
in  1884.  It  developed  10  II.  P.  at  18,000  R.  P.  M.  It  ran 
for  several  years  in  Gateshead,  on  Tvne,  England,  supplying 
current  for  the  manufacture  of  incandescent  lamps.  It  is  now 
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in  the  South  Kensington  Museum.  It  consisted  of  two  groups 
of  15  turbines  each,  the  steam  entering  between  them  and  pass¬ 
ing  in  opposite  directions  through  each  group. 
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Fig.  8  is  a  general  longitudinal  section  through  a  \\  est- 

inghouse  Parsons  Steam  Turbine.  The  steam  enters  at  the 

governor  valve  and  arrives  at  the  chamber  UA"  and  passes 
© 

out  to  the  right  through  the  turbine  blades,  eventually  arriv- 
ing  at  the  exhaust  chamber  “B.  "  The  blades  are  as  shown  in 
Fig.  15,  the  steam  passing  first  a  set  of  stationary  blades  and 
impinging  on  the  moving  blades,  driving  them  around  and  so 
on.  The  areas  of  the  passages  increase  progressively  in 
volume,  corresponding  with  the  expansion  of  the  steam.  They 
will,  however,  be  described  more  fully  later.  On  the  left  of 
the  steam  inlet  are  shown  revolving  balance  pistons  4iC. 

&  “C.,”  one  corresponding  to  each  of  the  cylinders  in  the  tur¬ 
bine,  which  according  to  size  may  be  1,  2,  3  or  I  in  number. 
The  steam  at  “A”  presses  against  the  turbine  and  goes  through 
doing  work.  It  also  presses  in  the  reverse  direction,  but 
cannot  pass  the  piston  UG,  ’■  but  at  the  same  time  the  pressure, 
so  far  as  the  steam  at  “A'*  is  concerned,  is  equal  and  opposite, 
so  that  the  shaft  is  not  subjected  to  any  end  thrust. 

The  pressure  “D"  is  equal  to  that  at  UE"  by  reason  of 
the  balance  port  “F"  so  similarly,  so  far  as  the  steam  pres¬ 
sure  at  “E”  is  concerned,  there  is  no  end  thrust.  This  same 
fact  also  applies  to  u  G. " 

The  areas  of  the  balance  pistons  are  so  arranged  that  no 
matter  what  the  load  may  be,  or  what  the  steam  pressure  or 
exhaust  pressure  may  be,  the  correct  balance  is  preserved  and 
the  shaft  has  no  end  thrust  whatsoever. 

At  UH  is  shown  a  thrust  bearing  which,  however,  has 
no  thrust  to  take  care  of,  but  serves  to  maintain  the  correct 
adjustment  of  the  balance  pistons. 

The  thrust  bearing  is  in  two  halves,  the  lower  half  capa¬ 
ble  of  adjustment  in  one  direction,  the  upper  one  in  the  reverse. 

The  balance  pistons  never  come  in  mechanical  contact  with 
the  cylinder,  and  consequently  there  is  no  friction.  The  thrust 
bearing  has  ample  surface,  and  besides  is  subjected  to  forced 
lubrication  and  does  not  wear.  The  adjustments  once  made 
always  remain  good. 
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There  is  obviously  some  leakage  past  the  pistons,  but  it  is 
found  to  be  very  small.  Centrifugal  force  seems  to  have 
something  to  do  with  keeping  down  this  leakage.  The  parti¬ 
cles  endeavoring  to  escape  have  to  pass  radially  inwards  in 
going  through  the  small  clearance.  It  is  supposed  then,  that 
the  rapidly  revolving  pistons  have  the  effect  of  throwing 
outwards  the  particles  with  which  they  come  in  contact  by 
reason  of  skin  friction,  so  that  the  particles  being  slung  out¬ 
wards  tend  to  oppose  the  escape  of  the  particles  inwards. 

This  theory,  however,  is  somewhat  imaginary,  but  in 
view  of  the  economy  obtained,  the  leakage  cannot  be  very 
great. 

At  UK”  is  a  pipe  connecting  the  back  of  the  balance  pis¬ 
tons  at  UL”  with  the  exhaust  chamber  (see  Fig.  8),  to  ensure 
the  pressure  at  this  point  being  exactly  the  same  as  that  of  the 
exhaust. 


i  Photo, 


Fig.  10. 

At  UJ"  are  shown  the  bearings.  They  are  also  shown 
separately  on  Fig.  10.  They  are  unique  in  construction.  The 
bearing  proper  is  a  gun  metal  sleeve,  which  is  prevented  from 
turning  bv  a  loose  fitting  dowel.  Outside  of  this  are  three 
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concentric  tubes  having  a  small  clearance  between  them.  This 
clearance  fills  up  with  oil  and  permits  a  vibration  of  the  inner 
shell,  at  the  same  time  restraining  same.  The  shaft  therefore 
revolves  about  its  axis  of  gravity,  instead  of  the  geometric  axis, 
as  would  be  the  case  were  the  bearing  of  every  day  construe- 
tion.  The  journal  is  thus  permitted  to  run  slightly  eccentric, 
according  as  the  shaft  may  be  out  of  balance.  This  form  of 
bearing  in  a  very  remarkable  manner  performs  the  function 
of  de  Laval's  slender  flexible  shaft.  But  in  this  case  the  shaft 
is  built  as  rigidly  as  possible,  so  is  not  liable  to  crystallization 
which  would  result  in  eventual  rupture. 

The  bearings  have  ample  surface,  are  continuously  lubri¬ 
cated  under  pressure,  and  it  has  been  found  in  practice  that  they 
do  not  wear.  As  may  be  seen  in  Fig.  10,  the  bearings  are 
surrounded  by  an  outer  cast  iron  sleeve,  in  which  are  fitted  kevs 
which  may  be  shimmed  up  and  permit  any  adjustment  of  the 
position  of  the  shaft  relative  to  the  cylinder. 

At  “K"  Fig.  8,  is  shown  a  flexible  coupling  by  means  of 
which  the  power  of  the  turbine  is  transmitted.  In  small  sizes 
the  two  shafts  have  a  square  cut  on  the  ends,  the  coupling  itself 
somewhat  loosely  fitting  over  these.  In  larger  sizes  it  is  gen- 

v  O  C  Cj 

erally  a  modification  of  this  arrangement. 

The  governor  gear  and  oil  pumps  generally  receive  their 
motion  by  means  of  a  worm  wheel  gearing  into  a  worm  cut  on 
the  outside  of  the  coupling. 

At  UX'5  is  an  oil  reservoir  into  which  drains  all  the  oil 
from  the  bearings.  From  there  it  runs  into  the  pump  “M" 
to  be  pumped  up  to  the  chamber  uO"  where  it  forms  a  static 
head  which  gives  a  continuous  pressure  of  oil  to  the  bearings. 
The  pump  is  single  acting  of  the  simplest  possible  construction, 
that  will  not  become  deranged.  The  oil  runs  in  by  gravity,  so 
that  it  is  unlikely  to  fail  to  continue  pumping. 

A  by-pass  valve  is  provided,  shown  at  “P, "  which  admits 
high  pressure  steam  by  means  of  port  “Q"  to  the  steam  space 
“E".  By  opening  this  valve  as  much  as  60''  overload  may 
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be  obtained,  and  ih  the  case  of  turbines  operating  condensing, 
full  load  may  be  obtained  should  the  condenser  be  at  any  time 
inoperative,  due  to  any  cause,  and  the  turbine  allowed  to 
exhaust  into  the  atmosphere.  Naturally  the  effect  of  open¬ 
ing  the  by-pass  valve  is  to  reduce  the  economy  to  an  extent 
that  will  be  seen  later  when  discussing  economy. 

The  glands  consist  of  packing  rings  set  in  grooves  cut  in 
the  shaft.  The  rings  press  outward  and  remain  stationary. 
Any  form  of  friction  less  packing  necessarily  leaks  a  little.  In 
the  case  of  the  turbine  exhausting  into  a  vacuum  a  little  live 
steam  is  admitted  between  the  rings  by  means  of  a  small  reduc- 
ing  valve,  so  that  the  leakage  consists  of  a  negligible  quantity 
of  live  steam,  instead  of  air  which  would  impair  the  vacuum. 

In  the  case  of  the  turbine  exhausting  against  anything  above 
atmospheric  pressure,  a  small  ejector  is  provided,  which  drains 
the  leakage  steam  from  between  the  packing  rings  and  allows 
it  to  drain  through  a  suitable  drain  pipe  instead  of  escaping  into 
the  engine  room. 

In  all  engines  the  governor  is  an  important  consideration. 
A  fly-ball  type  of  governor  is  made  use  of,  as  shown  in  Fig.  11, 
and  has  several  features  conducive  to  good  regulation.  The 
ball  levers  are  swung  on  knife  edges  in  lieu  of  pins.  The  gov¬ 
ernor  works  both  ways,  that  is  to  say,  the  midposition  of  the 
levers  is  admitting  a  full  head  of  steam  to  the  turbine.  A 
movement  from  this  in  either  direction  is  tending  to  cut  off  the 
supply.  This  serves  a  useful  purpose  in  the  event  of  a  very 
excessive  load  coming  on  the  turbine,  such  as  a  short  circuit 
which  has  the  effect  of  bringing  down  the  speed  more  than  the 
percentage  variation  permitted  by  the  adjustment  of  the  spring 
when  the  steam  immediately  becomes  shut  off.  Again  in  such 
an  event  as  some  of  the  governor  driving  mechanism  becoming 
broken  and  the  governor  balls  slowing  up  independently  of  the 
turbine,  the  steam  is  shut  off  before  anv  damage  could  take 
place. 

The  speed  of  the  turbine  may  be  varied  within  all  the 
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Fig.  11. 


limits  of  the  governor  spring  while  the  turbine  is  running 
This  is  particularly  useful  in  bringing  alternators  in  synchro¬ 
nism  and  adjusting  their  differences  of  load  when  in  multiple. 
This  is  accomplished  by  grasping  the  top  knurled  head,  when 
by  means  of  a  ball  bearing  shown,  the  spring  and  tension  nuts 
remain  stationary.  Any  adjustment  of  the  spring  nuts  may 
then  be  made,  without  in  any  way  disturbing  the  running  of  the 

"  %  w  O 

turbine,  other  than  making  the  change  that  may  be  desired. 

Ihe  arrangement  of  the  governor  levers  is  shown  diagram- 
atically  in  Fig.  12.  They  are  attached  to  a  small  relay  valve 
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Fig,  12. 


t 

UA”  which  controls  the  steam  below  the  piston  “B”,  which 
is  directly  connected  to  the  main  admission  valve.  The  levers 

i / 

receive  reciprocating  motion  at  UC”  from  an  eccentric  and  use 
the  governor  clutch  as  a  fulcrum,  points  “D”  and  UE”  being 
fixed.  Continuous  reciprocating  motion  is  thus  given  to  the 
relay  valve.  This  is  in  turn  transmitted  to  the  admission 
valve.  The  function  of  the  governor  is  to  vary  the  plane  of 
oscillation  of  the  relay  valve,  which  causes  the  admission  valve 
to  remain  open  for  a  longer  or  shorter  period  according  to  the 
position  of  the  governor.  The  steam,  therefore,  is  admitted  to 
the  turbine  in  puffs,  which  occur  at  constant  intervals  of  time. 
The  puffs  are  of  either  long  or  short  duration,  according  to  the 
load.  At  full  load  the  puffs  merge  into  an  almost  continuous 
blast.  If  we  were  to  attach  an  indicator  to  the  steam  space 
“A”  Fig.  8,  and  pull  the  drum  around  by  hand,  we  would  pro¬ 
duce  a  series  of  cards  similar  to 
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WHEN  RUNNING  LIGHT  LOAD 

This  does  not  mean  that  in  the  latter  case  there  is  a  more 
complete  expansion  of  steam  than  in  the  former;  it  simply 
means  that  high  pressure  steam  is  made  u»e  of  at  all  loads.  The 
complete  expansion  of  the  steam  is  taken  care  of  independently 
in  the  blades. 

The  advantages  of  this  intermittance  are  three-fold.  The 
turbine  is  at  all  times  using  boiler  pressure  steam,  no  matter 
what  the  load  may  be.  The  admission  valve  is  continuously  in 
motion  and  consequently  gets  no  opportunity  to  get  stuck. 
The  power  to  work  the  relay  valve  and  overcome  the  in¬ 
ertia  of  the  levers  is  transmitted  through  the  governor  clutch, 
hence  the  balls  are  moved  in  and  out  a  very  small  amount  at 
every  oscillation  of  the  levers,  so  that  the  governor  levers  in 
respect  to  their  motion  about  their  points  of  suspension  are 
never  at  rest,  and  consequently  when  a  change  of  load  comes, 
the  governor  does  not  have  to  overcome  the  friction  of  rest,  and 
is  always  ready  to  go  to  its  new  position. 

'these  features  are  particularly  valuable.  So  long  as  a 
piece  of  mechanism  is  continuously  working  we  at  least  know 
it  is  in  a  condition  to  continue  working  and  is  not  stuck. 
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There 'is  absolutely  no  variation  of  angular  velocity  in  the 
turbine,  which  is  necessarily  present  in  reciprocating  engines, 
hence  the  value  of  turbines  for  running  alternators  in  multiple. 
This  can  be  realized  when  we  know  a  500  H.  P.  turbine  will 
run  20  minutes  after  the  throttle  has  been  closed.  This,  of 
course,  speaks  well  for  the  low  friction,  but  is  principally  due 
to  the  tremendous  fly-wheel  effect  of  the  shaft.  All  the  power 
is  transmitted  rotatively — there  are  substantially  no  recipro¬ 
cating  parts  and  no  vibrations,  hence  no  costly  foundations 
and  no  holding-down  bolts  are  necessary. 

Mr.  Parsons  made  very  successful  use  of  an  electrical 
governor  which  was  attached  to  a  relay  valve  working  in  ex¬ 
actly  the  same  manner  as  just  described.  The  arrangement  of 
the  levers  is  shown  in  Fig.  13.  Reciprocating  motion  was 


given  at  “A”,  points  “B”  and  “C*’  being  fixed.  On  the 
extreme  right  is  hung,  by  means  of  a  spring,  a  core  working 
in  a  solenoid.  When  in  operation  the  relay  valve  UD”  oscil¬ 
lates  continuously  and  the  core  moves  a  very  small  amount  by 
reason  of  its  mass.  At  the  same  time  it  is  ready  to  respond  to 
any  change  of  magnetic  pull.  One  great  feature  of  this 
governor  is  that  the  solenoids  may  be  compounded  so  as  to  give 
constant  E.  M.  F.  at  the  terminals  of  the  generator,  the  turbine 
running  faster  at  full  load  than  at  light  load  to  make  up  for 
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copper  losses  in  the  armature.  The  governor  may  he  turther 
over-compounded  to  give  any  percentage  rise,  just  the  same  as 

an  over-compounded  generator. 

In  alternating  current  work  the  series  coil  is  obviously 
separated  from  the  shunt  coil.  This  latter  is  in  shunt  with  tin* 
exciter,  and  the  series  coil  is  usually  placed  above,  having  a 
separate  laminated  core. 

The  adjustment  of  variations  of  E.  M.  F.  between  no  load 
and  full  load  may  be  conveniently  made  by  changing  the  amount 
of  iron  in  the  series  core. 

The  essential  parts  of  the  turbine  are  of  course  the  blades 
and  buckets.  They  are  made  of  hard  drawn  material.  rI  hey 
vary  in  size  from  in.  to  <  in.  according  to  where  they  may 
be  used.  Every  row  of  these  blades  has  passages  of  increased 
area,  corresponding  with  the  volume  of  the  steam.  1  his  in¬ 
crease  of  volume  is  obtained  by  increasing  the  heights  of  the 
blades,  and  when  these  have  reached  the  desired  limit,  the 
diameter  of  the  turbine  is  increased  and  the  steam  permitted  a 
higher  velocity  that  enables  the  blades  to  recommence  another 
progression. 

Considering  one  barrel  of  the  turbine  the  fall  of  pres¬ 
sure,  or  to  be  more  exact,  the  coefficients  of  expansion  are  the 
samefor  every  row. 


Referring  to  diagram,  Fig.  15,  the  steam  at  pressure  k*P 
in  expanding  through  row  1  to  pressure  “P,  converts  its 
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energy  into  velocity  and  impinges  upon  the  moving  blades 
row  2.  The  steam  them  performs  a  second  expansion  in 
expanding  through  row  2,  again  converting  its  energy  into 
velocity,  but  this  time  the  energy  of  the  efflux  is  to  react  upon 
the  blades  from  which  the  steam  issues.  The  same  cycle  is  re¬ 
peated  in  row  3  and  row  4  and  so  on  until  exhaust  pressure  is 
reached.  The  moving  blades  therefore  receive  motion  from 
two  causes,  the  one  due  to  the  impact  of  steam  striking  them, 
the  other  due  to  the  reaction  of  the  steam  leaving  them,  and 
in  this  respect  is  this  turbine  a  combination  of  Bianca’s  wheel 
and  Hero’s  engine. 

Many  people  suppose  that  these  blades  wear  under  the 
action  of  steam.  Experience  shows  that  they  do  not.  In  the 
case,  however,  of  a  nozzle,  such  as  has  already  been  described, 
in  combination  with  the  blades,  the  result  is  very  different,  by 
reason  of  the  tremendous  velocity  of  the  steam.  The  wear 
even  then  is  not  much  when  superheated  steam  is  made  use  of, 
but  with  any  entrained  water  the  wear  is  quite  rapid.  In  the 

Parsons  turbine  the  velocities  of  steam  never  exceed  500  to 
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600  feet  per  second,  and  for  the  most  part  are  considerably 
less  than  this. 

The  blades  are  secured  by  calking  in  the  manner  shown 
by  the  samples.  Experiments  show  that  the  pull  necessary  to 
pull  them  out  is  as  much  as  the  elastic  limit  of  the  material  of 
the  blades  themselves.  The  strain  to  Avhich  they  are  subjected 
in  practice  is  about  ^  of  this  amount. 

It  may  be  observed  in  some  of  the  smallest  samples  that 
you  have  before  you  that  a  blade  has  been  pulled  out  in  order 
to  test  the  resistance.  The  pounds  pull  have  been  marked  on 
the  side  and  are  of  figures  ranging  from  3001bs.  to  400lbs  In 
every  case  the  blade  stretched  considerably  before  it  came  out. 

Danger  of  the  blades  colliding  sideways  is  very  remote. 
The  smallest  blades  have  -J-  in.  clearance  sideways  and  the  largest 
as  much  as  4  in.  These  dimensions  are  far  beyond  the  limits  of 
lateral  motion  permitted  by  the  balance  pistons.  Of  course 
accidents  do  happen  to  the  blades,  but  are  generally  attributable 
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to  carelessness,  such  as  the  machine  having  been  taken  apart 
and  in  handling,  some  of  the  blades  damaged,  the  machine 
being  again  assembled  without  having  the  damage  repaired. 
The  result  of  this,  however,  is  less  serious  than  would  be  ex¬ 
pected.  At  the  most  two  or  three  rows  are  ripped  out.  The 
blades  are  very  tough  and  the  first  broken  blades  close  up  the 
passage  in  the  succeeding  guide  blades  and  prevent  the  broken 
pieces  passing  and  causing  more  damage. 

In  the  event  of  such  an  accident,  the  damaged  blades  may 
be  removed  and  the  machine  put  into  service  when  full  power 
can  be  developed,  but  of  course  at  a  somewhat  less  efficiency, 
according  to  the  number  of  rows  missing.  The  blades  may  be 
permanently  repaired  in  a  very  short  time  by  chipping  out  the 
grooves  and  inserting  new  blades.  This  work  can  be  done 
wherever  the  machine  may  be  in  service,  as  no  special  machine 
work  is  necessary.  Such  accidents,  however,  are  among  the 
improbabilities. 

It  may  be  interesting  to  record  the  actual  pressure  exerted 
on  individual  blades  in  a  turbine.  Take,  for  example,  one  of 
BOO  Iv.  W.  capacity,  to  which  special  reference  will  be  made. 
There  are  altogether  31,073  blades  in  the  turbine,  of  which, 
16,095  are  moving  blades.  The  pressure  that  each  of  them 
exerts  in  revolving  the  shaft  varies  from  .89  to  l.(,l  ounces. 

The  steam  inlet  is  always  provided  with  a  steam  strainer, 
which  is  intended  to  prevent  foreign  substances  from  getting 
into  the  turbine  by  means  of  the  steam  pipe.  Generally  such 
things  as  nuts,  bolts,  monkey-wrenches,  etc.,  as  have  occasion¬ 
ally  been  known  to  come  through  a  steam  pipe,  cause  practi¬ 
cally  no  damage  because  they  cannot  pass  the  first  row  of  guide 
blades.  The  greatest  inconvenience  of  this  nature  small 
pieces  of  gasket  choking  up  the  guide  blade  passages,  which 
appreciably  brings  down  the  power. 

As  has  been  already  stated,  a  jet  of  steam  issuing  through 
a  properly  constructed  orifice  has  as  much  energy  as  the  same 
steam  performing  high  ratios  of  expansion  behind  a  piston. 
In  both  cases  the  work  to  be  theoretically  abstracted  from  a 
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given  weight  is  the  same.  However,  there  are  some  practical 
reasons  for  expecting  better  results  in  the  case  of  the  turbine. 

In  the  design  of  a  three  or  four  stage  compound  condens¬ 
ing  reciprocating  engine,  it  is  found  that  there  is  no  gain  in 
economy  by  expanding  the  steam  in  the  low  pressure  cylinder 
beyond  a  terminal  pressure  of  about  5  or  6  lbs.  absolute.  To 
do  so  means  very  much  increasing  the  volume  of  the  L.  P. 
'cylinder,  thus  increasing  the  friction  of  the  engine  and  the 
weight  of  reciprocating  parts.  Moreover  the  temperature  of 
saturated  steam,  as  these  low  pressures  are  reached,  falls  off 
much  more  rapidly;  hence  there  are  greater  losses,  due  to  con¬ 
densation  and  re-evaporation  than  would  be  gained  by  a  more 
complete  expansion.  In  the  steam  turbine,  no  such  limits 
exist.  The  extra  volume  of  the  L.  P.  end  does  not  add  to 
the  friction.  The  temperature  conditions  from  end  to  end 

4 

remain  always  the  same,  and  hence  such  losses  as  condensation 

kJ  j 

and  re-evaporation  are  not  in  evidence. 

Turbines  are  constructed  to  utilize  the  energy  of  the 
steam  down  to  the  utmost  limits.  A  condensing  steam  turbine, 
when  in  operation,  affords  a  striking  example  of  the  conver¬ 
sion  of  heat  into  energy.  The  temperature  of  the  walls  of  the 
cylinder  at  the  high  pressure  end,  about  365°  F.,  falls  in  the 
distance  of  three  or  four  feet  to  a  temperature  of  about  126° 
at  the  low  pressure  end. 

The  diagram  Fig.  16,  shows  some  economy  curves  (level- 
oped  from  tests  made  on  one  of  the  300  K.  W.  turbines  now 
in  operation  at  the  Westinghouse  Air  Brake  Co.'s  works. 
The  results  may  be  summarized  as  follows: 

Full  load  16.4  lb.  steam  per  E.  H.  P.  hour. 

R  17  u  U  u  (( 

i  is. 2  “  “  “  “ 

A  Q  9,  u  u  u  a 

4 

Punning  light,  750  lbs.  per  hour. 

Vacuum,  26  to  27". 

Boiler  pressure,  125lbs.  per  square  inch 
P.  P.  M.,  3,600. 
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The  consumption  of  16.4  lbs.  at  fail  load  is  in  itself  re¬ 
markable,  but  such  results  as  at  the  light  loads  have  never 
been  approached  before.  It  may  be  said  that  the  consump¬ 
tion  at  ^  load  is  only  10  to  12%  greater  than  at  full  load. 

It  must  not  be  lost  sight  of  that  these  results  are  per  elec¬ 
trical  horse  power.  It  is  usually  the  custom  of  engine  builders 
to  publish  their  results  per  indicated  horse  power,  which 
means  very  little  to  the  power  user.  He  is  chiefly  interested 
in  the  economy  of  steam  per  unit  of  power  he  gets  out  of 
his  power  plant,  not  the  steam  per  unit  of  power  he  has  to  put 
into  it. 

To  make  a  comparison  with  a  reciprocating  engine  and 
assume  the  efficiency  of  transmission  from  the  steam  cylinders 
to  the  switch  board  to  be  85%,  which  is  about  the  very  highest 
attainable,  would  bring  the  full  load  water  rate  on  the  turbine 
just  described  to  14  lbs.  per  indicated  H.  P.  The  tests  were 
made  under  ordinary  conditions  so  far  as  dryness  of  steam  is 
concerned,  the  boilers  being  some  distance  away,  and  no 
allowance  made  for  wetness  of  steam. 

On  the  curves  are  shown  a  set  of  lines  showing  the  effici- 
ency  when  running  non- condensing.  These  results  are  some¬ 
what  inferior  by  reason  of  this  particular  turbine  being  de¬ 
signed  essentially  for  condensing.  Nevertheless  the  results 
are  not  so  bad  as  to  preclude  it  being  operated  under  these 
conditions,  should  at  anv  time  the  condenser  be  out  of  order. 

A  turbine  designed  for  running  non- condensing  gives  pro¬ 
portionately  as  good  results  as  the  condensing  curves  shown 
on  the  diagram. 

By  this  set  of  curves  may  be  observed  the  function  of  the 
by-pass  valve,  how,  when  running  non-condensing,  the  by-pass 
valve  remained  closed  until  about  half  load  was  reached. 
Upon  being  opened  the  efficiency  fell  off,  as  shown,  and  con¬ 
tinued  to  improve  from  there  on  as  the  load  increased.  The 
over-load  capacity  of  the  engine  is  obviously  more  flexible 
than  that  of  most  engines. 
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Super-heating  may  he  made  use  of  with  considerable  gain 
in  economy  and  without  the  usual  difficulties.  There  are  no 
internal  rubbing  surfaces  and  no  packing  glands  to  become 
injured  by  the  high  temperature.  60°  to  70°  of  super-heat 
improves  the  economy  by  some  20 %. 

In  this  connection  Prof.  Thurston  has  lately  recorded  some 
experiments  with  a  de  Laval  turbine.  For  every  3°  F.  of 
super-heat  1%  of  gain  in  economy  was  attained.  With  37'-  of 
super-heat  the  capacity  of  the  turbine  was  doubled.  This 
gain  he  attributes  almost  entirely  to  the  reduction  of  skin 
friction. 

The  practical  efficiency  of  a  turbine  power  plant  may  be 
gathered  by  some  tests  made  by  the  Westinghouse  Air  Brake 
Co.  After  the  plant  had  been  installed  some  nine  months  the 
whole  plant  was  shut  down,  and  the  steam  engines  which  had 
been  previously  doing  the  work,  were  connected  up  again,  put 
in  service  and  were  kept  running  a  week,  during  which  time 
careful  measurements  were  taken  of  fuel  and  water.  After  this 
the  turbine  plant  was  again  put  in  operation  and  similar  meas¬ 
urements  made  with  the  electrical  transmission.  The  saving  in 
coal  averaged  35.7%  during  the  day  and  36.4%  during  the  night 
in  favor  of  the  turbines.  The  saving  in  feed  water  averaged 
29.8%  during  the  day  and  41.4%  during  the  night.  In  round 
numbers  this  means  a  saving  of  40,000  lbs.  of  coal  in  24  hours. 

The  gain  is  in  a  great  measure  due  to  the  economy  of  the  tur- 
bines,  but  also  to  some  extent  to  the  elimination  of  the  con¬ 
densation  in  long  lengths  of  steam  pipe  and  to  the  advantages 
of  electrical  transmission. 

Figs.  17  and  18  show  views  of  this  power  plant.  In  the 
foreground  of  one  may  be  seen  the  10  11.  P.  exciter  engines 
and  generators,  and  their  size,  compared  with  the  500  II.  P. 
*steam  turbines.  The  wdiole  outfit  of  three  turbines  and  gen- 
erators,  aggregating  1500  II.  P.,  occupies  a  floor  space  of  24  feet 
square,  and  allows  ample  room  for  access  to  the  turbines. 
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The  turbine  and  generator  are  shown  separately  on  Fig. 
19  (frontispiece).  The  total  weight  is  about  25,000  lbs.:  total 
length  19  ft.,  and  width,  4  ft.  3  in. 

Lately  a  1000  K.  W.  outfit  has  been  built  by  C.  A.  Parsons 
A  Co.  for  the  Elberfeld  Corporation  in  Germany. 

At  1,200  K.  W.,  150  lb.  boiler  pressure,  18°  F.  of  super¬ 
heat,  the  turbine  driving  its  own  air  pump,  &c. ,  an  electrical 
horse  power  was  produced  for  14,025  lbs.  This  is  probably 
the  highest  economy  ever  attained  in  any  steam  engine. 

Fig.  20  shows  the  complete  revolving  part  of  a  3,000  II. 
P.  turbine.  Its  weight  is  28,000  lbs.,  length  overall  19  ft. 
8  in.,  and  12  ft.  3  in.  between  bearings  ;  the  largest  diameter, 
6  feet. 

The  turbine,  of  which  this  forms  a  part,  is  shown  on  Fig. 
21,  and  is  being  set  up  in  the  power  house  of  the  Hartford 
Electric  Light  Co.  It  is  direct  connected  to  a  1,500  K.  W. 
generator;  the  total  outfit  having  the  following  dimensions; 
33  ft.  3  in.  long  and  8  ft.  9  in.  wide,  175,000  lbs.  total  weight, 
including  generator.  This  is  the  largest  steam  turbine  in  one 
integral  part  ever  built. 

As  there  are  no  rubbing  surfaces  in  the  turbine,  no  inter¬ 
nal  lubrication  is  necessary.  This  enables  surface  condensers 

* 

to  be  employed  and  the  condensed  water  used  for  boiler  feed 
without  fear  of  getting  grease  into  the  boilers. 

The  turbine  is  entirely  automatic  in  all  its  functions,  and 
requires  remarkably  little  attention.  The  onl\r  real  working 
part  is  the  spindle  revolving  in  its  bearings.  These  bearings 
are  found  to  wear  but  little,  if  at  all,  so  the  cost  of  repairs  and 
renewals  is  very  small. 

t / 

In  1897  the  Newcastle  &  District  Electric  Lighting  Co. 
published  their  costs  in  this  regard.  The  power  house  con¬ 
tained  11  turbines  of  75  to  150  Iv.  W.  each.  The  cost  for  re¬ 
pairs  and  renewals  amounted  to  T\6^  cent  per  K.  \V.  per  an¬ 
num,  and  included  all  repairs  to  boilers,  turbines,  condensers, 
pumps,  generators,  cables,  fittings,  etc. 
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By  reason  of  the  turbine  making  use  of  the  last  available 
expansion  of  the  steam  there  is  considerable  advantage  in  em¬ 
ploying  the  highest  vacuum.  For  instance,  considering  the 
300  K.  W.  turbines  described,  and  assuming  the  steam  con¬ 
sumption  with  27  in.  vacuum  to  be  10.35  lb.  per  electrical 
horse  power  hour,  it  may  be  reasoned  upon  a  thermodyna¬ 
mic  basis  that  with  the  same  machine  designed  for  25  in. 
vacuum  the  consumption  would  be  IS  lb.  per  E.  11.  P.  hour. 

On  the  other  hand  by  designing  the  same  turbine  t<>  >uit 
an  exhaust  pressure  of  of  an  atmosphere,  or  say  29"  vacuum, 
the  consumption  would  come  down  to  14.12  lb.  per  E.  11.  P. 
hour. 

The  applications  of  steam  turbines  are  perhaps  not  so  uni¬ 
versal  as  ordinary  steam  engines.  They  are  pre-eminently 
suitable  for  driving  electrical  machinery,  particularly  alterna¬ 
ting  current  dynamos.  Some  difficulties  are,  however,  experi¬ 
enced  with  the  commutation  of  continuous  current  generators 
of  fairly  large  powers. 

There  is  nothing  remarkable  in  the  design  of  generators 
for  this  purpose,  except  that  modification  necessitated  by  the 
high  speed.  For  this  reason  they  are  remarkable  for  their  small 
weight  and  dimensions,  and  the  absence  of  crowded  pole  pieces. 

Builders  of  electrical  machinery  have  for  some  years  been 
working  in  the  direction  of  reducing  speeds  from  the  old  belt 
driven  rigs  to  admit  of  direct  connection  to  slow  going  recipro¬ 
cating  engines.  The  condition  for  steam  turbines  is,  however,  a 
step  in  the  reverse  direction.  Turbines  have  been  used  with 
good  success  in  England  for  driving  fans  and  blowers. 

Although  the  type  of  bearing  employed  is  capable  of  suc¬ 
cessfully  dealing  with  about  any  reasonable  error  in  balance, 
at  the  same  time  it  is  very  essential  that  the  revolving  parts  be 
very  accurately  balanced,  in  order  that  the  collector  rings  and 
commutators  may  run  true,  and  that  the  clearance  between  the 
tips  of  blades  and  walls  of  the  turbine  cylinder  may  be  main¬ 
tained  as  fine  as  possible,  so  that  balancing  forms  quite  an 
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important  stage  of  the  construction  and  has  many  interesting 
ieatures.  I  he  usual  method  of  balancing,  which  consists  of 
rolling  the  piece  on  some  ways  and  thus  locating  the  heavy 
side,  is  sufficiently  accurate  for  ordinary  slow  speed  work,  but 
no  degree  of  real  accuracy  can  be  attained. 


Attempting  to  balance  a  body,  such  as  the  above,  by 
such  methods,  might  result  in  a  heavy  spot  at  two  opposite 
sides  and  two  opposite  ends,  as  at  “H”  and  “H,”  which  would 
be  anything  but  a  condition  of  good  running  balance.  It  is, 
therefore,  found  desirable  to  split  this  up  into  comparatively 
narrow  rings  and  balance  each  separately,  when  the  above 
error  would  become  negligible.  For  balancing  such  rings.  The 
Westinghouse  Machine  Co.  have  devised  a  machine  which  per¬ 
forms  the  work  with  remarkable  accuracy.  It  is  shown  in 
Fig.  22,  which  shows  a  ring  in  place  on  the  turntable.  The 
turntable  is  pivoted,  on  a  beam  which  is  in  turn  hung  on  two 
knife  edges.  Below  the  turntable  is  rigidly  attached  an  ad- 
justable  counterweight.  The  turntable  of  course  is  free  to 
turn  independently  of  all  this.  Means  are  provided  to  slide 
the  whole  turntable  and  counterweight  in  the  beam  and  in  a 
direction  at  right  angles  to  the  line  of  the  knife  edges. 

The  counterweight  is  adjusted  to  bring  the  combined 
center  of  gravity  in  a  plane  close  to  the  knife  edges.  Then 
by  sliding  the  mass  in  the  beam  the  table  may  be  made  to  rest 
horizontally.  Then  by  giving  the  turntable  1  revolution  the 
table  will  fall  over  by  twice  the  amount  it  is  out  of  balance 
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Fig.  22. 

Readings  are  taken  in  two  opposite  directions  and  the  exact 
location  and  amount  of  the  error  mav  be  immediately  figured 
Balancing  by  this  method  may  be  done  very  rapidly  and 
with  surprising  accuracy.  A  ring  weighing  6,000  lbs.  lias 
been  balanced  within  2  ounces,  and  riims  weiffhino  »2o0  or  300 
lbs.  within  £  of  an  ounce. 
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In  the  ease,  however,  of  the  revolving  parts  of  electric 
generators  the  final  winding,  etc.,  is  liable  to  throw  it  out  of 
balance,  and  then  there  is  no  alternative  but  to  balance  it  in  its 
entirety.  The  shape  is  generally  of  the  nature  of  a  long- 
cylinder  with  a  journal  at  both  ends.  The  only  way  then  to 
do  this  balancing  is  to  deliberately  mount  it  on  bearings  which 
are  preferably  set  on  springs  and  running  it  up  to  speed  by 
belt  or  any  available  means.  While  running  it  is  marked  with 
a  colored  pencil  at  different  points,  which  serve  to  indicate 
where  to  add  weight. 

A  small  body  revolving  at  5,000  or  more  R.  P.  M. — the 
light  side  is  always  the  side  that  comes  outward,  so  that  weight 
should  be  added  just  where  the  marks  come.  In  some  cases 
the  marks  are  opposite  at  each  end,  Avhen  weight  needs  to  be 
added  on  one  side  at  one  end,  and  on  the  other  side  at  the 
other  end. 

These  facts  show  that  when  the  high  speeds  are  reached 
the  body  ceases  to  revolve  on  the  geometric  axis  and  takes  the 
axis  of  gravity. 

On  its  way  up  to  speed  there  is  generally  some  point  at 
which  there  is  considerable  vibration.  This  is  termed  the 
critical  speed, and  seems  to  come  at  the  time  the  body  is  changing 
its  axis  of  revolution.  These  critical  speeds  become  lower  as 
the  bodies  are  heavier  and  of  greater  radius.  In  the  cases  of 
heavier  and  bigger  bodies,  which  also  would  have  a  lower 
rotative  speed,  the  marks  do  not  come  just  on  the  light  side. 
They  may  come  sometimes  as  much  as  90°  ahead  of  the  light 
side.  The  exact  angle  can  only  be  found  by  experiment,  and 
at  best  this  is  only  a  cut  and  try  method.  With  experience, 
however,  work  may  be  put  in  very  accurate  balance. 

The  application  lately  of  steam  turbines  to  marine  pro¬ 
pulsion  is  well  known.  Some  particulars  of  the  vessels  equipped 
may  be  interesting. 

The  first  vessel,  named  the  Turbinia,  was  built  with  a  view 
of  exploring  the  possibilities  of  turbines  for  this  purpose.  It 
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was  therefore  built  as  small  as  possible,  and  at  the  same  time 
not  so  small  as  to  preclude  the  attainment  of  high  speed  should 
the  experiments  turn  out  a  success.  t  he  dimensions  selected 
therefore  were  100  feet  long,  9  feet  beam,  3  feet  draught  and 
44  tons  displacement.  It  will  be  noted  that  the  ratio  of  beam 
to  length  is  unusually  small — T|[-0,  while  or  yVff  is  the  more 
usual  practice  for  this  class  of  boat. 

To  begin  with,  the  boat  was  fitted  with  one  single  turbine 
and  propeller.  The  result  was  disappointing,  the  chief  trouble 
being  due  to  cavitations  in  the  propeller,  resulting  in  excessive 
slip.  This  was  verified  by  experiments  in  a  tank  of  water 
subjected  to  vacuum.  The  appearance  of  the  action  of  the 
propeller  in  the  water  was  observed  by  looking  through  a  slot 
in  a  disc  which  was  made  to  revolve  in  synchroism  with  the 
propeller  under  observation. 

It  was  then  considered  necessary  to  make  several  changes. 
New  engines  were  built  in  three  sections,  the  steam  expanding 
through  them  in  series,  each  section  driving  an  independent 
shaft  and  each  shaft  three  propellers.  Very  soon  32}  knots 
were  attained,  and  eventually  34.^  knots  at  the  naval  review  at 
Spithead  in  1897.  About  2300  I.  II.  P.  were  developed.  The 
boiler,  a  Yarrow  type  with  small  tubes,  had  1100  square  feet 
heating  surface  and  an  evaporation  of  about  28  lb.  of  water  per 
square  foot  of  heating  surface  at  34J  knots  speed.  About  600 
II.  I3,  were  developed  per  ton  of  machinery  and  50  II.  P.  per  ton 
of  total  weight  of  vessel  in  full  equipment.  These  successes 
resulted  in  a  contract  with  the  British  Admiralty  fora  torpedo 
boat  destroyer  named  the  Viper.  The  dimensions  were  the 
same  as  the  30  knot  destroyers  of  her  class,  210  feet  long,  21 
feet  beam  and  350  tons  displacement.  The  engines  consisted 
of  two  independent  sets,  each  consisting  of  one  high  pressure 
turbine  driving  a  shaft,  and  one  low  pressure  turbine  driving  its 
shaft.  On  the  same  shaft  as  the  low  pressure  was  permanently' 
connected  a  small  turbine  for  reversing  purposes.  When  run¬ 
ning  ahead  the  reversing  turbine  was  in  connection  with  the 
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condenser,  so  that  the  frictional  losses  due  to  this  turbine  run¬ 
ning  idle  were  very  small.  The  same  fact  applies  to  the  go- 
ahead  turbines  when  running  astern. 

There  were  therefore  four  propeller  shafts,  each  fitted  with 
two  propellers;  the  one  ahead  having  a  slightly  lesser  pitch  than 
the  after  ones. 

The  Yarrow  type  boilers  have  15,000  sq.  feet  heating 
surface;  grate  surface  272  sq.  feet;  condensers  have  8,000  sq. 
ft.  surface.  The  speed  attained  was  35  knots  to  begin  with, 
and  later  36.858  knots  were  reached. 

It  is  generally  conceded  by  engineers  that  but  little  more 
may  be  anticipated  in  the  development  of  the  reciprocating 
engine.  Any  improvement  that  we  can  imagine  would  not 
very  materially  improve  its  efficiency  as  a  heat  engine.  On 
the  other  hand,  the  turbine  is  capable  of  development  in  many 
ways,  particularly  in  the  use  of  super-heated  steam,  to  a 
degree  hitherto  prohibitive,  so  that  the  day  may  not  be  very 
far  distant  when  the  turbine  will  replace  the  reciprocating 
steam  engine  for  most  purposes. 

In  conclusion,  I  must  express  my  thanks  for  your  kind 
attention  and  my  indebtedness  to  the  Westinghouse  Machine 
Co. ,  for  their  permission  to  read  this  paper  and  for  the  use  of 
the  various  drawings  and  photographs,  etc.,  that  we  have  had 
before  us. 

DISCUSSION. 

Mr.  Bole — Gentlemen,  we  have  listened  to  a  very  inter¬ 
esting  paper  on  a  very  interesting  subject.  I  can  say  that  Mr. 
Hodgkinson  has  been  connected  with  the  building  of  turbine 
engines  for  a  great  many  years,  and  is  one  of  the  few  men  who 
thoroughly  understand  the  subject.  He  came  over  from  the 
Parsons’  Works  in  England  to  superintend  the  building  of  the 
Westinghouse  turbines,  which  they  were  granted  a  license  to 
construct.  He  has  devoted  many  years  of  very  hard  work 
to  the  subject,  and  I  hope  you  have  all  enjoyed  the  paper. 
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A  Member — 1  would  like  to  ask  the  diameter  of  the 
screw  used  on  boats  mentioned. 

Mr.  IIodgkinson — On  the  boat  they  experimented  with 
the  go-ahead  one  was  about  18";  the  other  3  feet. 

A  Member — What  was  the  revolution  per  minute  ( 

Mr.  IIodgkinson — They  tried  different  speeds  in  experi¬ 
menting,  and  got  up  to  2,000.  I  don’t  know  the  exact  revo¬ 
lution  they  use  at  the  present  time. 

Mr.  Chester — As  shown  on  Fig.  8,  how  do  they  prevent 
the  steam  passing  backward.  It  has  got  to  have  some  clearance, 
has  it  not,  in  order  to  turn ' 

Mr.  Hodgkinson — There  is,  undoubtedly,  some  leakage, 
but  as  I  stated,  the  leakage  is  small  in  view  of  the  results 
we  get. 

Mr.  Chester — What  becomes  of  the  leakage  ? 

Mr.  IIodgkinson — It  goes  into  the  exhaust  pipe.  Suppose 
that  piston  C  is  leaking  more  so  than  the  others,  therefore 
more  steam  will  pass  through  there,  and  the  steam  will  leak 
up  into  F  and  do  work.  Of  course  there  is  generally  some 
leakage  which  goes  into  the  exhaust  pipe. 

Mr.  Chester—  It  is  stated  that  you  require  14  lbs.  of 
steam  per  electrical  horse  power.  In  the  pumping  engine 
they  hi) ve  got  it  down  below  11  lbs.  per  pump  horse  power. 
How  does  that  compare  with  electrical  horse  power  ( 

Mr.  IIodgkinson — I  don't  know  what  efficiency  of  trails- 
mission  is  used  in  a  pumping  plant.  They  must  have  had 
super- heated  steam. 

Mr.  Chester — I  think  the  average  was  80  per  cent. 
You  will  find  in  a  paper  read  by  Mr.  G.  II.  Barms,  before  the 
New  England  Water  W  orks  Association,  December  14,  1808, 
he  averages  up  the  efficiency  of  five  different  engines  and  gets 
about  80  per  cent.  Some  of  them  had  super-heated  steam 
and  some  did  not.  One  or  two  had  super-heat.  The  80  per 
cent,  efficiency  obtained  as  referred  to  the  low  pressure  cylin¬ 
der  or,  mean  effective  /treasure  referred  to  the  hnr  pressure  ct/t/n- 
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dev  divided  by  the  theoretically  mean  effective  pressure  referred 
to  the  pressure  near  the  throttle  valve  and  the  ratio  of  expansion 
at  the  same  point.  In  the  same  paper,  the  per  cent,  of  the 
friction  of  these  engines  varies  from  five  to  ten  per  cent.  I 
would,  however,  cite  the  recent  test  of  the  engine  built  by  the 
Allis  people  for  the  City  of  Boston,  a  duty  of  178.6  millions 
foot  pounds  was  obtained  for  each  1,000  pounds  of  dry  steam 
consumed,  no  super-heat.  This,  as  you  know,  is  equivelent  to 
about  11.2  pounds  of  steam  per  pump  horse  power. 

Mr.  Hodgkinson — Of  course  super-heat  adds  very  much 
to  the  efficiency.  I  think  a  first  class  water  plant  should  have 
more  than  80  per  cent. 

Mr.  Bole — It  must  be  remembered  that  this  leakage  is 
charged  up  against  the  engine. 

Mr.  Hodgkinson — In  this  instance  as  soon  as  the  steam 
is  consumed  it  is  charged  against  the  horse  power  produced. 

Mr.  Chester — I  did  not  really  see  how  it  could  be 
accounted  for,  but  I  see  now  that  it  would  do  some  work 
passing  back.  ' 

Mr.  Albree — Does  the  machine  run  noiselessly? 

Mr.  Hodgkinson — There  is  a  certain  amount  of  hum¬ 
ming,  but  it  is  so  slight  that  a  wooden  partition  would  gener¬ 
ally  keep  it  out.  At  1,500  revolutions  per  minute  it  runs 
perfectly  noiselessly.  Of  course  the  generator  makes  some 
noise;  otherwise  it  is  very  silent. 

Mr.  Flanagan — I  would  like  to  call  the  attention  of  the 
members  to  the  remarkably  clear  and  lucid  explanations  of  a 
machine  with  which  most  of  us  are  anything  but  familiar.  I 
think  all  will  agree  with  me  when  I  sav  that  Mr.  Hodgkinson 
has  put  more  facts  into  a  small  number  of  words  than  are 
usually  found  in  scientific  and  technical  papers.  I  have  tried 
to  think  up  a  question  to  ask  him  which  he  has  not  already 
answered,  and  the  only  one  I  can  think  of  is,  What  kind  of 
material  are  the  blades  made  of  ?  Those  passed  around  are 
apparently  bronze.  I  would  like  to  ask  if  other  materials 
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would  be  affected  by  the  steam,  whether  this  is  a  subject  that 
has  been  gone  into  much,  and  whether  there  is  one  metal  that 
is  preferred  over  another  ? 

Mr.  IIodgkinson — Hard  drawn  bronze  metal  is  preferred 
because  it  does  not  corrode  and  by  reason  of  fts  great  strength. 
You  will  notice  how  very  rigid  the  blades  are  in  the  speci¬ 
mens  passed  around.  Such  blades  would  be  used  in  a  500 
horse  power  turbine. 

Mr.  Bole — Mr.  IIodgkinson  has  called  attention  to  the 
fact  that  the  pressure  is  exceedingly  small  on  each  blade.  It 
is  expressed  in  ounces.  The  greatest  tax  of  strength  of  the 
blade  is  that  imposed  by  centrifugal  force. 

A  Member — I  would  like  to  ask  the  clearance  between 
the  blades. 

Mr.  IIodgkinson — It  is  desirable  that  it  should  be  as  tine 
as  possible,  about  .025  in.  clearance.  We  also  have  them  as 
much  as  .050  in.  The  larger  the  blade  the  more  leeway  you 
must  allow.  As  stated  before,  the  blades  receive  motion  from 
two  causes  — one  from  the  steam  striking  them  and  one  from 
the  steam  leaving  them. 

Mr.  Stewart — I  would  like  to  ask  the  price  of  these 
turbines  as  compared  with  a  regular  steam  engine  of  the  same 
power. 

Mr.  IIodgkinson — I  would  say,  generally,  that  a  steam 
turbine  generator,  with  all  the  outfit,  can  be  sold  at  the  same 
price  as  a  Westinghouse  compound  engine  and  generator  outfit. 

Mr.  Bole — In  other  words  a  steam  turbine  generator  can 
be  sold,  at  about  the  same  price  as  any  other  machine  of 
equally  high  efficiency.  The  price  of  a  turbine  engine  and 
generator  can  be  said  to  be  about  on  a  par  with  a  high-class 
compound  triple  expansion  engine. 

A  Member — Stress  has  been  laid  on  the  turbine  being 
suitable  for  driving  an  alternating  generator.  I  want  to  ask 

o  n  c 

the  difference. 

Mr.  IIodgkinson — There  is  always  a  difficulty  in  driving 

%/  «/  “ 
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an  alternating  generator  in  multiple.  The  difficulty  is  in  the 
fact  that  it  is  impossible  to  give  a  perfectly  uniform  rotation. 
That  is,  the  revolving  shaft  will  go  a  little  quicker  at  one 
point  than  at  another  during  one  revolution.  That  would  not 
matter  much  in' a  not  direct  current  but  in  an  alternating. 
The  machine  would  u  buck”  and  would  get  out  of  step — but 
in  the  turbine  there  is  substantially  no  such  variation. 

Mr.  Bole — That  is  of  the  utmost  importance  in  the 
*  successful  running  of  very  large  electrical  plants.  We  all 
appreciate  the  difficulty  in  driving  several  engines  in  a  factory 
by  means  of  tooth  gears  on  account  of  back  lash  and  dif- 
erence  in  their  velocity.  The  ordinary  engine  revolves 
not  in  a  perfectly  uniform  manner,  but  in  tits  and  starts. 
The  fly-wheel  is  the  means  usually  employed  to  keep  it 
at  a  uniform  velocity.  By  this  means  the  engine  does 
not  start  and  stop  at  every  revolution,  but  keeps  a 
sustained  rotation  in  one  direction  only.  Now-a-days  power 
stations  are  assuming  sizes  that  a  few  years  ago  we  never 
dreamed  of.  The  application  of  the  turbine  is  very  hopeful. 
Fly  wheels  are  now  being  built  for  large  engines  to  apply  to 
ordinarv  engines  service,  weighing  as  much  as  300,000  to 
350,000  lbs.  for  single  engines. 

The  difficulty  of  driving  alternating  generators  in  multi¬ 
ples  might  be  explained  by  Mr.  Scott. 

Mr.  Scott — The  difficulty  in  driving  alternating  current 
generators  in  multiple  does  .not  apparently  lie  in  the  alternator, 
but  in  the  engine,  and  the  difficultv  of  securing  uniform  angu- 
lar  velocity  which  Mr.  Hodgkinson  has  just  spoken  of  in  the 
comparison  of  the  turbine  and  the  engine,  is  rather  a  difficulty 
in  the  design  to  be  taken  up  at  the  beginning  and  arranged  for 
once  for  all,  rather  than  a  difficulty  in  operation.  That  is,  the 
engine  must  be  designed  with  the  fly  wheel  in  propor¬ 
tioned  and  the  governor  adjusted  so  as  to  meet  certain  con¬ 
ditions,  and  if  these  things  have  been  done  it  is  usually  a 
comparatively  simple  matter  to  operate  in  multiple.  There 
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are  many  stations  operating  in  multiple  now,  and  I  don't 
recall  any  station  which  it  is  desired  to  operate  in  multiple  and 
in  which  reasonable  provision  has  been  made,  in  which  the 
operation  is  not  carried  on.  That  is,  operation  with  engines 
of  the  present  class  is  a  thoroughly  practical  matter. 

You  notice  in  the  figures  that  were  shown  that  the 
alternator  is  not  of  the  usual  form  as  there,  but  two  poles.  In 
Fig.  19  the  alternator  shown  gives  7,200  alternations  per 
minute.  Two  poles  and  3,600  revolutions  give  that  product. 
To  give  the  same  number  of  alternations  an  alternator  run  at 
100  revolutions  would  require  72  poles,  and  it  run  at  a  lower 
speed  wrould  require  still  more  poles.  It  would  be  impossible 
to  run  an  alternator  at  more  than  3,600  revolutions  and  obtain 
7,200  alternations,  so  that  in  this  way  the  speeds  which  can 
be  used  for  a  given  number  of  alternations  are  definitely  fixed. 
The  number  of  alternations,  7,200,  is  the  one  in  common  com¬ 
mercial  use.  In  this  case  the  turbine  speeds  would  have  to  be 
3,600,  1,800,  1,200  or  less;  so  that  these  interesting  limi¬ 
tations  are  brought  on  by  rate  of  alternations  of  the  alter- 
nators,  and  the  fact  that  the  alternator  must  have  an  even 
number  of  poles. 

A  Member — Can  you  give  the  number  of  these  machines 


in  use  in  this  country  ? 

Mr.  IIodgkinson — There  are  not  many  in  use  in  this 
country,  probably  seven  or  eight.  There  are  many  being  built 
in  Europe.  They  vary  in  size.  The  last  one  built  by  the 
Westinghouse  Machine  Co.  has  a  capacity  of  3,000  horse 
power. 

Mr.  Bole — The  demand  upon  the  engine  builder  in  this 
matter  of  speed  and  velocity  might  be  expressed  in  a  homely 
way  in  some  such  fashion  as  this  :  that  engines  of  large 
size  and  power  may  have  fiy  wheels  in  diameter  28  ft.  The 
two  sets  of  engines  intended  to  produce  alternating  currents  in 
multiple  must  be  possessed  of  such  qualities  that  if  two 
fly-wheels  were  marked  at  given  points,  those  two  points  would 
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never  deflect  from  each  other,  say  an  inch.  If  you  imagine  a 
28  ft.  fly-wheel  running  absolutely  uniformly  and  running 
alongside  of  it  one  of  the  same  diameter,  each  marked,  these 
two  marks  must  remain  in  the  same  relation  to  each  other. 
So  that  to  design  an  engine  which  will  transmit  500  H.P.  one 
minute,  1,000  the  next,  and  3,000  a  few  minutes  later,  and 
keep  that  fly-wheel  running  in  the  same  uniformity  is  one  of 
the  tasks  that  is  imposed  upon  engine  builders. 

A  Member — Mr.  Scott  has  called  attention  to  the  high 
speed  and  I  presume  that  Ave  are  not  to  look  forward  to  any 
material  reduction  of  speed  in  that  class  of  machines. 

Mr.  Hodgkinson — In  case  of  the  turbine,  of  course  we 
are  working  always  in  the  direction  of  reducing  these  speeds, 
but  have  not  succeeded  very  much  yet. 

Mr.  Bole — A  sloAver  speed  turbine  would  involve  a 
larger  diameter  turbine,  Avhich  Avould  increase  the  cost  of 
the  turbine. 

A  vote  of  thanks  was  tendered  Mr.  Hodgkinson  by  the 
Society  for  his'  Aery  interesting  paper. 

On  motion  the  Society  adjourned  at  10.30. 

Begin ald  A.  Fessenden, 

Secretary. 
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Pittsburgh,  Pa.,  November  22,  1900. 

The  regular  monthly  meeting  of  the  Chemical  Section  was 
held  at  410  Penn  Avenue. 

Meeting  called  to  order  by  the  Vice  Chairman,  Mr.  A.  G. 
McKenna. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

It  was  moved  and  seconded  that  the  Chairman  and  Secre¬ 
tary  be  instructed  to  request  The  Engineers'  Society  to  have 
the  Chemical  Journals  now  being  subscribed  for,  bound. 

Dr.  Stahl  then  read  his  paper  on  ‘  ‘Methods  of  Analysis 
used  in  Acid  Works." 

After  discussion  the  meeting  adjourned  at  10.30  P.  M. 

Geo.  O.  Loeffler. 

Secretary  C.  S. 

V 

ARSENIC  IN  BRIMSTONE. 

Sampling:—  Portions  of  about  10  lbs.  each  are  taken  from 
the  car,  while  unloading,  until  about  150  to  200  lbs.  have  been 
secured.  The  whole  is  then  broken  to  pieces  about  1  foot 
through,  then  divided  into  two  unequal  parts  by  taking  one 
small  shovel  full  and  placing  it  on  an  iron  plate  and  then  taking 
four  shovelsfull  and  placing  them  in  a  wheelbarrow  and  repeat¬ 
ing  this  till  all  is  divided. 

The  small  pile  on  the  iron  plate,  being  one- fifth  of  the 
original  sample,  is  then  broken  to  pieces  about  i  "  through, 
mixed  thoroughly,  and  one-tifth  of  it  obtained,  as  described 
above  and  broken  so  as  to  pass  through  a  screen  of  six  meshes 
to  the  lineal  inch.  The  screened  brimstone  is  well  mixed  and 
about  20  grammes  quartered  out  as  described,  and  ground  in 
an  iron  mortar  so  as  to  pass  through  a  100  mesh  sieve.  This 
portion  is  used  for  analysis. 
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In  sampling  piles,  portions  of  about  ten  pounds  each,  are 
taken  at  distances  of  about  three  feet  around  the  base  of  the 
pile. 

Then  starting  about  two  feet  from  the  base,  a  second  lot 
is  taken  in  the  same  way  and  so  on  until  the  top  is  reached. 
The  various  portions  are  then  mixed  and  broken  as  for  samples 
from  cars. 

Method  of  Analysis: — 100  grammes  are  treated  with  car¬ 
bon  disulphide  until  sulphur  is  dissolved.  The  solution  is  fil¬ 
tered  and  the  residue  washed  with  CS„,  then  extracted  with 
dilute  ammonia,  filtered  and  the  filtrate  concentrated. 

The  ammonical  solution  is  acidulated  with  hydrochloric 
acid,  H2S  water  added  and  the  solution  filtered  through  a  small 
filter. 

The  As2S3  on  the  filter  is  washed  thoroughly,  dissolved  in 
ammonia  and  the  filter  washed.  The  solution  of  As„S„  in  am- 

4  o 

monia  and  the  washings  are  caught  in  a  platinum  crucible,  the 
water  evaporated  on  the  water-bath,  the  residue  dried  at  110°C 
and  weighed.  » 

SODA  ASH. 

Samples  are  taken  from  one-tenth  the  number  of  bags  of 
a  shipment,  with  an  iron  thief,  mixed  thoroughly  and  passed 
through  a  sieve  of  20  meshes  to  the  inch. 

O 

METHOD  OF  ANALYSIS. 

1.  Moisture: — Weigh  5.0  gm.  into  a  platinum  crucible, 
heat  to  dull  redness  over  Bunsen  burner  for  15  minutes,  cool 
in  dessicator  and  weigh. 

2.  Insoluble: — 25  gms.  are  weighed  into  a  300  c.c. 
beaker,  200  c.c.  boiling  water  added  and  the  solution  boiled 
for  15  minutes,  then  filtered  through  an  11  cm.  filter  into  a 
500  c.c.  graduated  flask,  washed  with  hot  water  and  filtrate 
and  washings,  when  cool,  made  up  to  500  c.c. 

The  residue  on  the  filter  is  dried,  and  separated  as  thor¬ 
oughly  as  possible  from  the  paper.  The  latter  burned  in  a 
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platinum  crucible,  after  which  the  residue  is  added  and  heated 
to  dull  redness. 

About  two  gm.  ammonium  carbonate  in  lumps  are  then 
dropped  into  the  crucible,  moistened  with  a  few  drops  of  water, 
dried  on  water-bath  and  heated  to  dull  redness,  cooled  and 
weighed. 

3.  Sodium  Chloride: — 50  c.c.  from  500  c.c.  flask  is 
acidulated  with  nitric  acid  and- titrated  hot  with  deci-normal 
silver  nitrate  solution. 

4.  Sodium  Sulphate : — To  50  c.c.  in  a  200  c.c.  beaker  a 
slight  excess  of  hydrochloric  acid  is  added,  the  solution  heated 
to  boiling  and  5  c.c.  of  a  10%  solution  of  barium  chloride 
added.  The  precipitate  is  allowed  to  settle,  filtered  through  a 
7  cm.  filter,  washed,  ignited  in  platinum  and  weighed. 

5.  Sodium  Carbonate: — Measure  50  c.c.  from  500  c.c. 
flask  into  a  200  c.c.  beaker  and  add  50  c.c.  normal  hydro- 
chloric  acid.  Determine  the  excess  of  hydrochloric  acid  used, 
by  means  of  normal  soda  solution  using  methvlorange  as  indi- 
cator. 

MURIATIC  ACID. 

Samples  are  taken  out  of  five  carboys  from  each  lot  of 
about  150  carboys.  The  strength  of  each  sample  is  determined 
with  a  hydrometer  and  the  average  strength  of  the  five  taken 
as  representing  the  lot. 

METHOD  OF  ANALYSIS. 

1.  Sulphuric  Acid: — Mix  the  live  samples,  and  run  50 
c.c.  into  a  platinum  dish.  Place  dish  on  water-bath  and  evap¬ 
orate  till  all  muriatic  acid  is  driven  off.  The  sulphuric  acid 
remaining  is  titrated  with  normal  soda. 

2.  Arsenic: — 10  c.c.  diluted  with  10  c.c.  water  is  put 
into  a  small,  narrow  beaker  or  wide  test  tube  and  strong  hv- 
drogen  sulphide  water  poured  in  gently  so  that  the  liquids  do 
not  mix.  If  any  arsenic  is  present  it  will  form  a  yellow  ring 
at  the  junction  of  the  two  liquids  in  the  course  of  an  hour.  If 
arsenic  is  found  by  the  preliminary  test,  dilute  200  c.c.  acid 
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with  200  c.c.  water,  heat  gently,  but  not  to  boiling,  and  con¬ 
duct  hydrogen  sulphide  gas  through  the  liquid  till  the  arsenic 
is  all  precipitated.  Allow  the  precipitate  to  settle,  filter  through 
a  7  cm.  filter  and  wash  free  from  acid.  Dissolve  the  arsen- 
ious  sulphide  on  the  filter  with  a  little  ammonia  and  wash  into 
a  150  c.c.  beaker.  Make  acid,  with  muriatic  acid,  pass  hydro¬ 
gen  suphide  gas  till  the  arsenic  is  thrown  down  and  filter 
through  a  7  cm.  filter.  Dissolve  a^ain  in  ammonia  and  wash 
into  a  weighed  platinum  crucible.  Evaporate  water  on  water- 
bath  and  then  dry  in  air  bath  at  110°C.  Cool  and  weigh  as 
arsenious  sulphide. 

ARSENIOUS  ACID. 

Samples  are  taken  from  five  to  ten  kegs,  with  an  iron 
thief  made  in  the  shape  of  a  gutter  18  inches  long  and  f  inch 
wide.  The  samples  are  mixed  thoroughly  and  sieved  to  sep¬ 
arate  wood  chips,  etc. 

METHOD  OF  ANALYSIS. 

1.  Arsenious  Acid : — Weigh  2.5  gms.  into  a  500  c.c. 
graduated  flask,  add  10  gms.  sodium  bi-carbonate  and  100  c.c. 
water.  Put  a  small  funnel  in  mouth  of  flask  to  prevent  loss 
by  spurting,  and  boil  gently  for  ten  minutes.  Then  add  5 
grammes  more  bi-carbonate,  rinse  down  sides  of  flask  with 
about  25  c.c.  water,  and  boil  till  all  arsenious  acid  is  in  solu¬ 
tion,  cool,  fill  up  to  the  mark. 

Run  the  sodium  arsenite  solution  from  a  burette  into  25 
c.c.  jq-  normal  iodine  solution  contained  in  an  8  oz.  beaker, 
until  the  solution  is  only  a  light  yellow.  Then  add  starch 
paste,  and  add  the  arsenite  solution  drop  by  drop  until  the 
blue  color  disappears. 

The  arsenious  acid  is  calculated  from  the  number  of  c.c. 
of  arsenite  used.  25  c.c.  normal  iodine  equals  .12375  gms. 
arsenious  acid. 

2.  Non-volatile  Matter: — Weigh  5.0  gms.  in  a  platinum 
dish  and  heat  over  a  small  flame  until  all  arsenious  acii  is  driven 
off.  Cool  in  dissicator  and  weigh. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  tenth  monthly  meeting  of  the  Engi¬ 
neers'  Society  of  Western  Pennsylvania  was  held  in  the  lecture 
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room  of  the  Society's  House,  dlO  Penn  Ave.,  Pittsburg,  Pa., 
Tuesday  evening,  Dec.  18,  1900,  the  President,  W.  A.  Bole, 
being  in  the  chair,  and  seventy-seven  members  and  visitors  be¬ 
ing  present.  The  meeting  was  called  to  order  at  8  :3o  o'clock. 
The  minutes  of  the  preceding  meeting  were  read  and  approved. 

For  the  Board  of  Direction,  the  following  applicants  were 
reported  as  passed,  and  to  be  voted  for  at  the  next  regular 
meeting: 


HORACE  S.  CLARK, 

ALEX.  COULTER, 

BARCLAY  W.  EVERSON, 

JAMES  SMITH  HARING, 

GEO. WEYMOUTH  HUTCHINSON, 

GUY  ROCHE  JOHNSON, 

THOMAS  H.  JONES, 

JESSE  D.  LYONS, 


Engineer, 

With  Westinghouse  Air  Brake  Co., 
Wilmerding,  Pa. 

Superintendent, 

Salem  Coal  Co.,  Greensburg,  Pa  , 
Sales  Agent, 

Baldwin  Locomotive  Works,  Phila., 
Pa.,  German  National  Bank  Bldg., 
Pittsburg,  Pa. 

Civil  Engineer, 

Crafton,  Pa., 

-Mining  Engineer, 

With  Coulter  &  Huff  Interests, 
Greensburg,  Pa. 

Superintendent, 

Blast  Furnaces  of  Duquesne  Works, 
Carnegie  Steel  Co  ,  Duquesne,  Pa. 
Superintendent, 

Jones  &  Laughlins  Soho  Mill,  Pitts¬ 
burg,  Pa. 

Gas  Motor  Engineer  and  Salesman, 
•401  Chronicle  Telegraph  Bldg. ,  Pbg. , 
Pa. 
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EUGENE  L.  MESSLER 

J.  WEIDMAN  MURRAY, 

HUGH  McCULLEY, 

DANA  STEWART  ROLFE, 

R.  I.  TODD, 

FRANCISH.  TREAT 

SAMUEL  MONT’Y  KINTNER,  - 

THOMAS  STEEL  PERKINS, 
RICHARD  ANDREW  L.  SNYDER, 

HERMAN  L.  VAN  VALKINBURG, 

The  following  gentlemen 
cted  to  membership: 

ALONZO  L.  CONNER, 

JOHN  W.  LANDIS, 

WILLIAM  GARDNER  SHROM,  - 


General  Superintendent, 

Jones  and  Laughlins  Eliza  Furnaces 
&  Coke  Ovens,  Pittsburg,  Pa. 

Resident  Manager, 

The  Edward  P.  Allis  Co.,  German 
National  Bank  Bldg.,  Pittsburg,  Pa. 

Superintendent, 

Jones  &  Laughlins  Machine  Shop, 
No.  50  32nd  St.,  S.  S.,  Pittsburg, 
Pa. 

Assistant, 

To  Gen.  Mgr.  Jones  &  Laughlins, 
Ltd.,  Steel  Works  Dept.,  Home¬ 
stead,  Pa. 

With  Carnegie  Steel  Co.,  Duquesne, 
Pa. 

General  Superintendent, 

Jones  &  Laughlins,  Ltd.,  302  Fair¬ 
mont  Ave.,  Pittsburg,  Pa. 

Prof  Electrical  Engineering, 

Western  University  of  Penna.,  Alle¬ 
gheny,  Pa. 

With  Westinghouse  Elec.  &  Mfg. 
Co.,  Idlewood,  Pa. 

Chief  Tester, 

For  C.  D.  &  P.  Tel.  Co.,  Pittsburg, 
Pa. 

With  Westinghouse  -Elec.  &  Mfg. 
Co.,  Edge  wood  Park,  Pa. 

were  balloted  for  and  duly  ele- 

Mechanical  Engineer, 

With  American  Tin  Plate  Co.,  Mc¬ 
Keesport,  Pa. 

Manager, 

Pittsburg  Office,  The  Goubert  Mfg. 
Co.,  501-2  Murtland  Bldg.,  Pitts¬ 
burg,  Pa. 

With  Westinghouse,  Church,  Kerr 
&  Co.,  338  Atlantic  Ave.,  Pitts¬ 
burg,  Pa. 
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The  Nominating  Committee  announced  nominations  f<»r 

o 

officers  for  the  ensuing  year  as  follows: 

President,  H.  W.  Fisher;  Vice  President,  Prof.  F.  C. 
Phillips;  Secretary,  C.  W.  Ridinger;  Treasurer,  A.  E.  Frost. 
Director  one  year,  (to  take  place  of  Gustave  Kauffman,)  C. 
B.  Connelly:  Directors  two  years,  J.  M.  Camp,  Richard 
Hirsch. 

It  was  voted  that  the  report  be  accepted. 

The  following  resolution  was  presented  by  Mr.  Wilkins: 

Whereas,  A  proposed  bill  regulating  the  spans  and 
heights  of  bridges  across  the  Ohio,  Alleghenv  and  Mononga- 
hela  Rivers  has  been  introduced  in  Congress. 

And  Whereas,  The  said  bill  proposes  to  fix  absolutely, 
irrespective  of  the  local  topography,  width  of  channel  and 
other  conditions,  the  spans  and  heights  of  said  bridges  as 
follows  : 

On  the  Ohio  River  above  Louisville  and  Portland  Canal. 
800  feet  span,  and  below  said  canal,  1000  feet.  Height  above 
water  to  be  not  less  than  40  feet,  and  not  less  than  90  feet 
above  low  water,  if  located  above  the  mouth  of  the  Big  Sandy 
River. 

On  Monongahela  River,  channel  span  to  be  not  less  than 
500  feet  and  head  room  above  pool  level  not  less  than  54  feet. 

On  Allegheny  River,  span  not  less  than  400  feet  below 
Hickory  Creek,  and  250  feet  if  above  Hickory  Creek.  Head 
room  below  Sixth  Street  Bridge,  Pittsburg,  75  feet,  and  above 
Sixth  Street  Bridge  and  below  Oil  City,  (30  feet. 

And  Whereas,  It  is  proposed  to  place  the  granting  of 
the  privilege  of  building  bridges  across  these  rivers  in  the  hands 
of  the  Secretary  of  War,  instead  of  by  Congress,  as  under  l he 
present  laws. 

And  Whereas,  Under  the  present  laws  governing  the 
erection  of  bridges  across  these  rivers,  the  length  of  spans  is 
not  absolutely  fixed,  but  said  spans  are  determined  by  a  Board 
of  Engineers  appointed  by  the  Secretary  of  War,  said  boards 
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considering  each  bridge  with  reference  to  the  local  conditions 
and  fixing  the  spans  and  clearance  with  reference  to  these  con¬ 
ditions;  therefore  be  it 

Resolved ,  That  it  is  the  opinion  of  the  Engineers'  Society 
of  Western  Pennsylvania  that  the  present  laws  governing  the 
erection  of  bridges  across  these  rivers  are  eminently  fair,  both 
as  to  the  river  and  bridge  interests,  and  that  it  remonstrates 
against  any  change  in  the  existing  laws;  and  therefore  be  it 
further 

Resolved ,  That  these  resolutions  and  preamble  be  sent  to 
our  Representatives  in  Congress,  with  the  request  that  they 
present  them  to  the  Sub-Committee  of  the  River  and  Harbor 
Committee. 

Mr.  E.  K.  Morse — I  might  say,  in  addition  to  what  has 
been  read,  that  there  was  a  bill  introduced  in  1897  similar  to 
what  has  been  read  here,  and  at  that  time  the  matter  was  taken 
up  and  a  paper  read  by  a  member  of  this  Society,  who  took 
the  pains  to  go,  down  the  Ohio  River  as  far  as  Rochester  when 
the  river  stood  at  11  feet  6,  (which  is  a  very  good  stage, )  to 
the  different  islands  where  there  had  been  numerous  wrecks, 
and  in  no  one  place  was  it  found  that  the  pier  of  any  bridge, 
as  per  bill  introduced,  stood  in  the  river.  An  800  foot  clear 
span  would  go  clear  over  the  island  where  these  places  were 
dangerous.  An  800  foot  span  at  Beaver  Railroad  bridge  would 
take  out  two  spans  of  that  bridge.  Eow,  we  don’t  want  any¬ 
thing  of  that  kind.  We  have  islands,  hundreds  of  them,  be¬ 
tween  here  and  Wheeling.  If  an  engineer  were  required  to 
pick  a  part  of  the  river  for  a  railroad  bridge  to-day,  he  would 
naturally  put  one  of  the  channel  piers  on  an  island,  and  the 
other  thrown  over  clear  out  of  the  natural  navigable  channel. 
Should  this  bill  be  passed,  to  set  this  aside,  you  could  not 
locate  a  pier  on  this  island.  A  600  foot  span  has  been  very 
seldom  built.  To-day  we  have  no  railroad  bridge  span  800 
feet  long.  We  are  building  more  railroad  bridges  and  longer 
spans  than  all  the  rest  of  the  world  put  together,  (I  believe 
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many  of  the  members  will  bear  me  out,)  and  for  that  reason 
I  think  it  is  one  of  the  most  important  things  that  the  Society 
can  do,  that  should  it  be  necessary,  they  send  a  delegation  to 
Washington  to  meet  the  Committee  of  Harbors  and  Rivers. 
The  passage  of  this  bill  would  prevent  any  further  railroad 
construction  between  here  and  Cairo  necessitating  a  bridge 
across  the  Ohio  River.  Heretofore,  it  has  only  been  necessary 

y  %/ 

to  lay  the  matter  before  our  Congressmen  to  prevent  its  going 
anv  further,  and  I  think  it  will  get  no  further  now. 

•J  1  O 

After  discussion  motion  carried. 


Mk.  Schellenberg — A  great  deal  has  been  said  in  the  pa¬ 
pers  about  the  Polytechnic  Institute  Mr.  Carnegie  is  to  donate 
to  this  community.  I  don't  know  just  what  the  intention  is, 
and  I  don't  know  that  we  have  any  particular  course  to  pro¬ 
pose,  but  I  think  we  might  bring  the  matter  up  and  rind  out 
what  the  general  opinion  is,  in  regard  to  what  kind  of  a  school 
is  most  needed. 

The  matter  of  Polytechnic  or  Trade  School  was  then  taken 
up  and  Mr.  W.  E.  Snyder  presented  the  following  motion  in 
regard  to  this  matter: 


Motion:  That  a  committee  of  rive  be  appointed  to 

(a)  Define  or  explain  in  clear  language  the  function  of  the 
Polytechnic  School. 

(b)  Define  and  explain  the  function  of  the  Industrial  or 
Trade  School. 

(c)  Point  out  their  differences,  especially  as  to  requirements 
for  admission,  training  given,  and  kind  of  work  for  which 
graduates  are  fitted. 


(d)  Draft  suggestions  as  to  which  kind  of  school  would 
be  most  appropriate  for  this  community. 

(e)  Submit  this  in  writing  to  the  Society  for  discussion 
and  action. 

Mr.  C.  B.  Albree — I  have  heard  a  great  deal  of  discus- 
sion  in  regard  to  this  very  question  as  to  what  kind  of  a  school 
it  would  be.  As  far  as  I  can  make  out  there  is  not  the  neces- 
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sity  for  a  school  for  turning  out  finished  engineers.  We  need 
an  Industrial  School  more.  Everybody  seems  to  think  that 
would  be  the  very  best  thing.  I  have  talked  with  some  few 
members  of  the  Carnegie  Committee,  and  from  what  they  said 
I  think  they  would  be  very  glad  to  receive  any  suggestions  we 
might  make,  and  I  think  Mr.  Snyder’s  motion  is  a  very  good 
one.  The  committee  could  report  to  the  Society  and  outline 
what  they  think  would  be  a  good  thing.  I  think  we  are  all 
.  interested  in  having  something  there  that  would  be  of  interest 
to  the  city. 

Mr.  Wilkins — When  I  read  over  Mr.  Carnegie’s  letter, 
making  that  offer,  it  did  not  seem  altogether  clear  as  to  what 
he  meant,  whether  it  was  to  be  merely  an  industrial  or  trade 
school,  or  a  technical  school  like  the  Renassafier  Polvtechnic 
Institute,  or  the  Massachusetts  Institute  of  Technology. 

Mr.  Albree — Nothing  has  been  decided,  I  think.  It  was 
merely  talk  on  their  part. 

Mr.  Snyder — What  I  had  in  mind  is,  that  I  do  not  think 
there  is  any  body  of  men  more  capable  of  discussing  what  kind 
of  a  school  is  most  needed  here,  than  the  Engineers’  Society. 
If  we  do  not  discuss  it  and  bring  it  before  the  public  in  some 
intelligent  way,  money  may  be  donated  here  and  spent  in  a  way 
that  will  not  be  for  the  best  interest  of  the  community. 

Mr.  Schellenberg — I  would  indorse  the  motion  made  by 
Mr.  Snyder.  The  newspapers  are  very  anxious  to  have  some¬ 
thing  to  tell,  and  we  ought  to  be  anxious  to  tell  them  some- 
thing  to  lay  before  the  public.  I  think  we  ought  to  feel  a  re¬ 
sponsibility  in  this  matter.  It  is  a  very  important  thing.  This 
may  be  a  school  different  from  any  other,  probably  will  be;  it 
may  have  a  range  and  scope  that  has  not  been  attained  by  any 
other.  I  think  the  motion  should  prevail. 

Prof.  Connelley — Mr.  Andrews,  Supt.  of  Public  In¬ 
struction  in  Pittsburg,  has,  since  his  inauguration  into  office, 
been  trying  to  have  industrial  training  introduced  in  the  Public 
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Schools,  and  recommended  in  his  report  last  year  that  meas¬ 
ures  should  be  taken  to  have  a  building  erected  where  the  child- 

© 

ren  of  the  High  Schools  could  receive  manual  training.  Mr. 
©  © 

Carnegie  heard  of  this. 

C  t 

I  think  from  what  I  have  gleaned  from  some  of  the  Com- 
missioners  of  the  Carnegie  Institute,  that  it  is  not  Mr.  Carne¬ 
gie’s  desire  to  have  a  Polytechnic  School,  but  a  school  where 
young  men  can  be  trained  as  mechanics.  Of  course  I  cannot 
speak  authoritatively  on  this.  That  is  just  what  I  have  gleaned. 
I  think  Mr.  Snyder’s  idea  is  a  very  good  one. 

After  discussion  motion  carried. 

The  President  then  appointed  Messrs.  F.  Z.  Schellenberger, 
AV.  E.  Snyder,  C.  F.  Scott,  C.  B.  Albree  and  C.  1>.  Connellev 
to  act  as  this  committee. 

It  was  voted  that  a  committee  of  two  be  appointed  by  the 
Chair  to  audit  the  Treasurer's  report,  and  the  President  ap¬ 
pointed  AV.  G.  AATlkins  and  Charles  Davis  as  Auditing  Com¬ 
mittee. 

Next  in  order  was  reading  of  the  paper  of  the  evening  en¬ 
titled,  “Methods  of  Locating  Faults  in  Underground  Electric 
Cables,”  by  Mr.  II.  AAL  Fisher. 
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“METHODS  OF  LOCATING  FAULTS  IN  UNDER¬ 
GROUND  ELECTRIC  CABLES.” 

BY  H.  W.  FISHER. 

In  preparing  this  paper  it  has  been  the  object  of  the 
writer  to  mention  quite  fully  many  of  the  common  methods 
which  are  used  in  daily  practice.  But  in  addition  to  these 
there  will  be  found  a  number  of  original  methods  which  have 
proved  of  great  service  to  the  writer  at  various  times.  This 
paper  is  intended  to  be  a  short,  practical  treatise  which  may 
possibly  be  of  service  to  some  of  our  engineers  in  case  they 
ever  need  to  do  work  of  this  kind. 

Many  of  the  treatises  dealing  with  the  location  of  faults 
in  electrical  cables  are  not  very  practical,  and  it  often  is  diffi¬ 
cult  for  and  inexperienced  engineer  to  obtain  from  them  in  the 
right  shape  the  information  which  he  desires.  The  methods 

t 

in  ordinary  use  for  locating  faults  in  cables  are  mostly  simple 
and  easily  applied,  errors  frequently  arise  from  carelessness  on 
the  part  of  the  line-man  who  has  in  hand  the  connecting  of 
wires  at  points  removed  from  the  testing-instrument. 

Some  of  the  causes  leading  to  inaccurate  results  are  wrong 
connections,  poorly  made  joints  or  connections,  uncalled  for 
connections  with  other  wires,  inaccuracies  in  operating,  or 
reading  the  instruments. 

The  complete  apparatus  which  may  be  required  for  locating 
faults  of  various  kinds  consists  of  a  reflecting  galvanometer 
and  its  shunt,  a  telescope  and  scale  or  lamp  and  scale  for 
said  galvanometer,  a  Wheatstone  bridge,  a  battery,  a  con¬ 
denser,  a  1-10  megohm  resistance  box,  a  discharge  key,  and 
sundry  smaller  and  less  important  apparatus  which  will  be 
mentioned  when  necessary  later. 

The  kinds  of  faults  under  consideration  will  be  grounded 
wires,  crossed  wires,  and  open  or  broken  wires.  Grounded 
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wires,  or  “grounds,*'  as  they  are  frequently  called,  are  wires 
which  are  directly  or  indirecth  connected  with  earth  to  such 

V  •/ 

an  extent  that  a  certain  amount  of  current  may  escape  through 
the  earth  connection.  Crossed  wires,  which  are  frequently 
called  “crosses"  or  “contacts,*’  are  two  or  more  wires  between 
which  an  electrical  contact  is  established  bv  direct  metallic 

V 

connection,  or  by  moisture,  or  by  the  carbonization  of  the  ex- 
terior  insulation  due  to  electric  burn-outs  or  tires.  <  )pen  or 
broken  wires  are  such  in  which  a  metallic  continuity  no  longer 


exists  on  account  of  the  wire  being  broken.  Many  forms  of 
apparatus  have  been  designed  with  a  view  to  simplifying  the 
making  of  electrical  tests  and  locating  faults.  Some  of  such 
instruments  will  be  on  exhibition  at  the  close  of  the  reading  of 

o 

this  paper.  One  of  them,  designed  by  the  writer,  has  proved 
to  be  very  satisfactory,  and  a  fault  can  be  located  with  it  in  a 
few  minutes.  It  generally  is  possible  to  locate  grounds  or 
crosses  with  small  portable  testing-sets  in  which  are  contained 
a  Wheatstone  bridge,  galvanometer,  and  battery. 

But  as  such  a  set  is  not  always  sufficient  to  locate  faults  of 

high  resistance  accurately,  mention  will  frequently  be  made  of 

the  Thompson  and  D'Arsonval  reflecting  galvanometers  which 

are  the  most  sensitive  instruments  for  indicating  or  measuring 

very  small  currents  of  electricity.  A  rough  way  to  express 

the  sensibility  of  these  instruments  is  to  say  that  they  are  often 

sufficiently  sensitive  to  detect  the  1-1,000,000,000  part  of  the 

current  of  an  ordinary  cell  of  battery. 

•/ 


When  such  instruments  have  to  be  used  they  should  beset 
up  in  a  room  or  basement  where  the  vibration  of  the  building 
is  as  small  as  possible.  Excessive  vibration  is  a  source  of  an¬ 
noyance  and  may  lead  to  inaccuracies.  Thompson  reflecting 
galvanometers  can  seldom  be  used  in  practical  work  because 
the  magnetic  needle  is  affected  by  electro  magnetic  disturb- 

ances  due  to  the  electric  trolley  railroads  which  are  to  be 

%/ 

found  in  almost  all  towns  or  cities  where  cables  are  employed. 
D'Arsonval  reflecting  galvanometers  are  not  so  affected,  and 

n  o 
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when  equipped  with  a  telescope  and  scale  they  can  readily  he 
set  up  and  used  out-of-doors,  which  is  often  of  great  advantage. 

When  making  measurements  to  locate  faults,  communica¬ 
tion  with  a  line-man  or  operator,  located  at  the  far  end  of  the 
cable,  is  frequently  established  by  means  of  a  telephone  or  tele¬ 
graph  instrument.  Directions  for  changes  in  the  connections 
can  thus  readily  be  given,  and  much  loss  of  time  obviated. 
Line-men  working  for  telephone  companies  are  usually  pro¬ 
vided  with  a  portable  testing  and  talking  set,  which  consists  of 
a  magneto  bell  capable  of  ringing  through  a  resistance  of  5000 
to  10,000  ohms,  and  a  telephone  transmitter  and  receiver. 

Before  proceeding  to  make  the  necessary  measurements  to 
locate  the  fault  it  is  always  best  to  determine  the  nature  and 
extent  of  the  trouble.  If  the  fault  consists  of  grounds  or 
crosses  it  is  advisable  to  determine  what  the  resistance  of  the 
fault  or  faults  is,  and  then  make  tests  to  find  one  or  more  good 
wires  to  use  subsequently  when  applying  the  test.  This  can 
be  done  by  means  of  a  battery  used  in  conjunction  with  a  volt- 
metre  galvanometer,  or  Wheatstone  bridge  and  roughly  by 
means  of  a  magneto  bell  or  telephone  and  battery. 

TESTING  CABLES  WITH  A  MAGNETO  BELL. 

The  best  magneto  bells  will  ring  very  lightly  through  a 
resistance  of  about  50,000  ohms  and  the  ordinary  ones  through 
10,000  to  15,000  ohms.  This  important  fact  must  not  be 
overlooked,  that  a  magneto  bell  will  ring  through  a  cable  whose 
insulation  resistance  is  perfect,  when  the  electrostatic  capacity 
of  said  cable  is  sufficiently  high. 

Hence  it  is  often  difficult  to  tell  whether  the  magneto  rings 
on  account  of  a  leak  in  the  cable,  or  because  the  electrostatic 
capacity  is  sufficiently  large,  or  from  both  causes.  Its  indica¬ 
tions,  therefore,  may  not  always  be  reliable,  and  when  a  doubt 
exists  a  voltmetre  or  galvanometer  should  be  used.  The  ordi- 
nary  and  best  magneto  bells  will  commence  to  ring  respective¬ 
ly  through  about  .3  M.F.  and  .1  M.F.,  and  will  ring  stronger 
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and  stronger  the  more  the  capacity  is  increased.  Both  these 
last  figures  are  based  on  a  rapid  rotation  of  the  magneto 
handle.  As  almost  all  magneto  bells  can  be  made  more  or  less 
sensitive  by  a  slight  adjustment,  both  figures  are  only  approx¬ 
imate  and  represent  average  results. 

TESTING  CABLES  WITH  A  TELEPHONE  RECEIVER  AND 

BATTERY. 

An  extremely  simple  and  cheap  way  to  determine  whether 
or  not  the  insulation  resistance  of  any  particular  wire  is  high 
or  not  is  as  follows  : 


A  telephone  receiver  and  battery  B  are  connected,  as  shown 
in  Figure  1,  where  one  side  of  the  battery  is  connected  to  the 
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lead  of  the  cable  C  or  to  ground,  and  the  other  side  to  a  tele¬ 
phone  receiver.  A  rubber  insulated  wire  should  be  attached 
to  the  other  side  of  the  telephone.  To  apply  the  test,  press  the 
telephone  receiver  to  the  ear,  and  touch  the  wire  L  to  the  con¬ 
ductor  E;  a  click  will  always  be  heard  the  first  time.  After 
keeping  both  wires  in  contact  for  several  seconds,  break  and 
make  the  connection  once  more;  if  no  sound  is  heard  at  the 
instant  of  reconnection  the  wire  is  not  faulty.  This  is  explain¬ 
ed  as  follows  :  The  first  click  was  due,  at  least  in  part,  to  a 
•  charging  current  from  the  Battery  to  the  wire  of  the  cable. 
Now,  if  the  insulation  resistance  of  the  wire  in  question  be 
good,  this  electrical  charge  is  not  soon  dissipated,  and  hence 
during  the  space  of  the  small  interval  of  time  between  the 
break  and  make,  the  cable  has  not  had  time  to  discharge  enough 
current  to  give  a  perceptible  sound  in  the  telephone  at  the  in¬ 
stant  of  reconnection.  If,  on  the  contrary,  the  conductor  is 
faulty  there  will  be  a  decided  click  each  time  the  connection 
is  made. 

Persons  who  have  in  hand  the  laving  and  testing  of  cables 
become  familiar  with  this  method;  and  can  often  estimate  fairly 
correctly  by  the  amount  of  sound  the  approximate  insulation 
resistance  of  wires  that  are  slightly  faulty.  The  loudness  of 
the  click  depends  upon  the  particular  telephone  employed,  the 
number  and  voltage  of  cells  used,  the  electrostatic  capacity  of 
the  cable,  the  resistance  of  the  leak,  the  interval  of  time  be¬ 
tween  the  break  and  make  of  the  circuit;  hence  it  is  difficult 
to  give  any  data  by  means  of  which  the  approximate  resistance 
of  the  leak  can  be  obtained.  Under  ordinary  conditions,  how- 
ever,  in  telephone  cables  reaching  from  about  1000  feet  to  a 
few  miles  in  lengthy  with  intervals  of  the  time  between  break 
and  make  of  one  second  and  with  a  battery  of  one  volt  it  can 
be  assumed  that  no  click  means  at  least  a  resistance  of  50 
megohms.  When  more  battery  is  used  this  number  is  increas¬ 
ed  about  in  proportion  to  the  number  of  cells.  For  a  given 
voltage  and  a  given  insulation  resistance  there  seems  to  be  a 
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certain  electrostatic  capacity  which  gives  the  loudest  click  in 
the  telephone.  The  writer  found  that  with  1  }2  volts,  and  a  leak 
of  about  150  megohms  that  there  was  an  audible  sound  in  the 
telephone  when  the  electrostatic  capacity  was  .1  or  .2  of  a 
micro-farad,  and  when  the  interval  between  make  and  break 
was  about  one  second.  While  when  the  capacity  was  changed 
to  .01  of  a  micro-farad  or  to  .7  of  a  micro-farad  no  sound  was 
perceptible  when  the  interval  between  make  and  break  was  1 
second,  but  when  the  time  was  extended  to  2  or  3  seconds  a 
sound  could  be  heard. 

Experiments  were  made  with  a  cable  having  an  insulation 
of  5,000  megohms  and  with  a  battery  which  showed  about  150 
volts.  A  condenser  was  connected  in  multiple  with  the  cable, 
and  the  capacity  being  varied  it  was  found  that  no  sound  was 
perceptible  when  the  capacity  was  as  great  as  .  7  of  a  micro¬ 
farad,  that  a  sound  could  be  heard  when  the  capacity  was  .01 
of  a  micro-farad  and  a  very  little  louder  sound  when  the 
capacity  was  .1  of  a  micro-farad. 

It  will  be  seen,  therefore,  that  if  sufficient  battery  is  avail¬ 
able  that  a  cable  which  gives  no  sound  in  the  telephone  when 
subjected  to  this  test  must  have  a  high  insulation  resistance. 

The  same  method  can  be  used  to  indicate  leaks  in  circuits 

which  do  not  have  any  electrostatic  capacity  provided  that  a 

condenser  be  put  in  multiple  with  the  circuit  and  the  ground, 

and  that  the  insulation  resistance  of  said  condenser  be  perfect. 

This  method  cannot  always  be  used  successfully  with  cables 

which  are  transmitting  telephone  or  telegraph  messages, 

because  when  the  wire  is  connected  to  the  "round  through  a 

telephone  there  is  apt  to  be  a  sound  due  to  inductive  currents 

from  the  other  wires  which  cannot  always  be  disassociated 

%/ 

from  the  sound  that  might  or  might  not  be  produced  under 
more  favorable  conditions.  When  5  or  10  cells  are  accessible 
the  method  can  invariably  be  used  on  wires  in  a  working  cable 
to  tell  if  said  wires  can  be  operated  successfully. 
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TESTING  RESISTANCE  OF  FAULTS  BY  WESTON  VOLTMETER. 

The  Weston  voltmeter  is  a  convenient  and  satisfactory 
instrument  for  determining* *  the  resistance  of  faults  through  a 

O 

range  of  from  1,000  ohms  to  a  few  million  ohms  or  megohms. 
About  50  cells  of  battery  should  be  used  to  give  fairly  accurate 
results.  Voltmeters  having  a  resistance  of  10,000  ohms  and 


PIG. 2. 


upward  should  generally  be  employed.  The  resistance  of  the 
fault  is  calculated  from  the  formula  : 

a-b 

Resistance  of  the  fault  =  -r—  X  R 

b 

Where  a  =  the  volts  read  with  the  battery  connected  to 

*j 

the  voltmeter. 

Where  b  =  the  volts  read  with  one  side  of  the  battery  t 
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one  terminal  of  the  voltmeter,  and  the  other  side  of 
the  battery  to  the  faulty  wire,  the  remaining  ter¬ 
minal  of  the  voltmeter  being:  connected  to  earth. 

Where  R  =  the  resistance  of  the  voltmeter,  which  is 
generally  written  upon  a  card  pasted  to  the  inside  of 
the  cover. 

Figure  2  shows  the  respective  connections. 

B  is  the  battery,  V  the  voltmeter,  C  the  cable,  E  the 
conductor.  The  letters  (a)  and  b  are  placed  respectively  at  the 


points  that  must  be  connected  by  the  switch  to  give  the  read¬ 
ings  designated  by  the  same  letters  a  and  b  above. 

TESTING  RESISTANCE  OF  FAULTS  BY  GALVANOMETERS. 

Some  of  the  D'Arsonval  horizontal  galvanometers  which 
can  be  purchased  in  this  country  will  indicate  over  100 
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megohms  with  50  cells  of  battery.  They  can  be  used  to 
measure  the  resistance  of  faults  in  two  wavs,  viz  : 

First,  in  connection  with  the  Wheatstone  Bridge,  and 
second  bv  the  direct  deflection  method,  as  shown  in  Figure  3. 

First ,  by  Wheatstone  Bridge. 

The  Wheatstone  Bridge,  illustrated  in  Figure  4,  is  so  well 
known  by  engineers,  and  so  thoroughly  well  described  in  test 
books  that  it  is  not  in  the  province  of  this  paper  to  enter  into 

* 

a  detailed  description  of  it.  As  generally  constructed,  resist¬ 
ances  of  a  fraction  of  an  ohm  up  to  about  1,000,000  ohms  can 
be  measured  in  this  way. 

•  i j 

In  Figure  I  A  and  B  the  ratio  arms  of  the  bridge  can 
generally  be  made  10,  100,  or  1,000  ohms. 

D  the  adjustable  or  variable  resistance  has  a  range  from 
1  to  10,000  ohms. 

C  is  the  unknown  resistance,  and  E  the  battery. 

The  resistance  D  is  varied  till  the  galvanometer  G  shows 

A 

no  deflection,  when  a  balance  is  reached  and  C  =  -g-  X  D  (2) 

Second ,  by  Direct  Deflection. 

In  the  direct  deflection  method  a  comparison  is  made  by 
means  of  a  galvanometer  between  a  standard  of  resistance  and 
the  unknown  resistance.  The  method  is  illustrated  by  Figure 
(3),  where  B  is  the  battery,  G  the  galvanometer,  and  S  its 
shunt,  R  is  the  standard  of  resistance  which  is  generally 
100,000  ohms  or  1-10  megohm,  C  is  the  cable  and  A  a  double¬ 
pole  switch. 

The  shunt  is  an  instrument  provided  with  resistances 
which  can  be  placed  in  multiple  with  the  galvanometer  by 
plugs,  and  which  bear  ths  right  relation  to  the  resistance  of  the 
galvanometer,  so  that  respectively  1-10,  1-100  or  1-1000  part, 
of  the  batter v  current  can  be  made  to  pass  through  the 
galvanometer,  the  remainder  going  through  the  shunt. 

O  '  C  C; 

The  total  current  is  found  by  multiplying  the  galvano- 
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meter  current  by  10,  100,  or  1,000,  depending  on  the  particular 
shunt  used,  and  these  figures  are  called  the  multiplying  power 
of  the  shunt.  If  such  a  shunt  is  not  available,  a  resistance  box 
can  be  used  for  a  shunt,  in  which  case  the  multiplying  power  of 


the  shunt  = 


s_+Jl 

s 


(3)  where  s  =  the  resistance  of  the  shunt. 

where  g  =  the  resistance  of  the  gal- 
vanometer. 


To  apply  this  method  the  connections  illustrated  by  the 

dotted  portion  of  the  switch  are  made,  and  a  shunt  is  employed 

which  will  give  a  good  readable  deflection  of  the  galvanometer. 

Let  d  =  said  galvanometer  deflection. 

© 

Letm  =  multiplying  power  of  shunt. 

Let  R  =  the  value  of  the  standard  resistance. 

Then, 

d  X  m  X  R  =  The  constant  of  galvanometer  =  (t  = 
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the  number  of  ohms  or  megohms,  as  the  case  may  be,  which 
correspond  to  1  scale  division  of  the  galvanometer. 

The  1,000  shunt  is  now  applied,  and  the  switch  placed  in 
the  position  represented  in  the  figure.  If  no  deflection  is 
obtained,  lower  shunts  as  used,  and  if  necessary  no  shunt. 

The  galvanometer  deflection  is  now  read. 

Let  d1  =  said  galvanometer  deflection. 

Let  in1  —  the  multiplying  power  of  shunt  which  =  1  when 
no  shunt  is  used. 

Then  the  insulation  resistance  of  the  wire  under  test  = 

Gr 

d1  X  m1  ^  * 

This  method  is  general  lv  used  to  measure  very  high  in- 

C  v  o 

sulation  resistances,  and  is  perhaps  more  applicable  to  tests 
preliminary  to  locating  broken  wires  than  to  the  case  of 
grounds  and  crosses. 

When  applying  it  to  the  latter  it  is  well  to  place  the 
standard  resistance  box  in  the  circuit  and  substract  its 
resistance  from  the  total  measured  resistance  to  obtain  the 
resistance  of  the  fault. 

The  above  methods  have  been  considered  more  fully  than 
might  seem  necessary  at  first  sight  because,  in  order  to  locate 
grounds  and  leaks  accurately,  one  or  two  good  wires  are  gener¬ 
ally  needed,  and  hence  it  is  quite  essential  to  be  able  to  deter¬ 
mine  in  an  approximate  manner  the  insulation  resistance  of  the 
wires  under  consideration. 

Faults  on  electric  light,  power,  and  telegraph  cables  are 
apt  to  be  quite  low  in  resistance  on  account  of  the  high  volt¬ 
ages  used  and  the  burn-outs  caused  thereby  when  faults  become 
of  sufficient  magnitude  to  affect  the  working  of  the  system. 
Faults  on  telephone  cables  are  seldom  less  than  a  few  hundred 
ohms,  and  frequently  run  from  a  few  thousand  to  a  megohm. 
Faults  in  telephone  cables,  measuring  as  high  as  50,000  ohms, 
can  be  located  fairly  accurately  with  a  good  reflecting  galvan¬ 
ometer  and  50  cells  of  battery.  In  order  to  locate  faults  of 
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much  higher  resistance  than  this,  an  extra  sensitive  galvano¬ 
meter  and  battery  of  100  or  200  cells  are  needed.  It  is 
practically  impossible  to  locate  accurately  a  high  resistance 
fault  in  an  electric  light  cable  of  large  siz^with  a  Wheatstone 
Bridge,  battery  and  galvanometer.  However,  in  electric  light 
stations,  the  means  are  generally  at  hand  by  which  such  a  fault 
can  be  made  quite  low  in  resistance  by  the  application  of 
sufficient  electric  current. 

Commercial  copper  wire  of  any  particular  size  is  apt  to 
vary  in  resistance  as  much  as  3%,  which  is  largely  due  to 
variations  in  the  diameter  of  the  wire ;  hence  there  is  always  a 
chance  for  a  difference  between  the  actual  and  calculated  dis¬ 
tances  to  the  fault,  for  the  latter  depends  on  the  assumption 
that  the  resistance  is  equally  distributed  throughout  the  entire 
length  of  the  cable. 

Occasionally  faults  have  to  be  located  in  two  cables  which 
are  joined  together,  and  one  of  which  contains  conductors  of  a 
different  size  from  the  others.  A  method  for  doing  this  will 
be  found  toward  the  end  of  the  paper.  Sometimes  there  are 
no  good  wires  accessible  in  the  faulty  cable,  and  if  no  other 
cables  having  terminals  adjacent  to  those  of  the  faulty  cable 
are  accessible,  it  may  become  necessary  when  applying  the  test 
to  use  an  overhead  aerial  conductor  in  conjunction  with  the 
faulty  wire.  Under  these  conditions  if  there  are  overhead 
trolley  wires  running  parallel  or  nearly  so  to  the  overhead 
wire  used  in  the  test,  inductive  electric  currents  will  be  gen¬ 
erated  in  said  wire  in  such  magnitude  as  to  often  make  it 
impossible  to  use  the  galvanometer  while  the  cars  are  running; 
hence  as  a  lead  cover  shields  the  conductors  from  such  induc¬ 
tive  effects  it  is  generally  advisable  to  use  all  wires  in  lead 
covered  cables,  otherwise  it  may  be  necessary  to  make  the 
tests  after  midnight,  when  the  conditions  are  apt  to  1  »©  the 
most  favorable.  Another  difficulty  arising  from  the  conjoint 

v  O  J 

use  of  overhead  and  underground  conductors  is  caused  by  the 
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change  of  resistance  of  the  former  due  to  the  fluctuating  tem- 

O  O 

perature  to  which  it  may  be  subjected. 

MURRAY  LOOP  TEST  FOR  LOCATING  GROUNDED  OR 

CROSSED  WIRES. 

This  method  is  most  convenient  and  applicable  when  one 
good  wire  of  the  same  size  and  length  as  the  faultv  wire  is 
accessible,  and  hence  as  given  here  it  will  only  be  applicable  to 
such  a  case.  This  is  the  simplest  method  for  locating  grounds, 
crosses  or  leaks  in  cables.  A  variation  in  the  resistance  does 
not  have  an  appreciable  effect  upon  the  result.  This  method 
cannot  be  expected  to  give  as  correct  results  as  the  Varley 
Loop  method  under  favorable  conditions,  where,  by  making 
several  measurements,  all  the  available  data  to  insure  accurate 
results  is  obtained.  Its  great  simplicity  recommends  it, 
especially  for  underground  work,  where  it  is  generally  only 
necessary  to  locate  the  fault  between  man-holes. 

The  method  of  procedure  is  about  as  follows  : 

Set  up  the  •  instruments,  and  determine  by  any  of  the 
methods  previously  mentioned  the  approximate  resistance  to 
ground  of  some  of  the  available  wires.  If  the  best  wire  has 
an  insulation  resistance  of  about  10  or  more  times  higher  than 
the  worst  wire,  fairly  good  results  can  be  obtained  under 
ordinary  conditions  where  the  cables  are  not  very  long.  Faults 

4 J  V.  s 

have  been  located  fairly  accurately  when  all  the  available  wires 
were  about  equally  bad,  but  such  cases  are  no  doubt  due  to 
coincidences  depending  largely  upon  the  location  of  the  faults. 
The  method  is  most  easily  applied  by  connecting  the  cable 
directly  to  the  instruments,  but  if  this  cannot  be  done  two 
wires,  called  “ leading  wires,  ”  of  the  same  size  and  length,  will 
have  to  be  used  to  connect  the  instrument  to  the  cable.  Con¬ 
nect  very  carefully  and  thoroughly  one  leading  wire  to 
the  good  wire  and  the  other  leading  wire  to  the  bad 
wire  in  the  cable.  The  good  and  faulty  wire  must  be 
connected  at  the  far  end  of  the  cable.  The  other  ends  of  the 
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leading  wire  are  connected  to  the  Wheatstone  Bridge  in  the 
regular  manner,  and  in  order  to  work  with  some  system,  the 
one  leading  to  the  faulty  wire  should  be  connected  to  the  vari- 
able  resistance  binding  post  or  connector.  Then  plugs  are 
inserted  so  as  to  cut  out  all  of  the  ratio  resistances  adjacent  to 
the  variable  resistance.  The  1,000  ohm  coil  of  the  other  set 
of  ratio  resistances  should  be  used  and  designated  A'.  An 
inspection  of  Figures  5  and  6  will  show  that  the  galvanometer 
G  is  connected  to  the  juncture  of  the  leading  wires  and  the 


FIG. 6. 


Wheatstone  Bridge,  which  is  not  in  accordance  with  the  usual 
connections  made  between  the  galvanometer  and  the  regulation 
W.  Bridge. 

O 

The  Figures  designated  above  will  show  that  one  side  of 

O  O 

the  battery  is  connected  at  g"  to  the  lead  cover  of  the  cable, 
and  the  other  side  of  its  usual  connector  at  the  juncture  of  the 
two  sets  of  ratio  resistances.  In  the  case  of  a  cross  the  battery 

V 

wire  going  to  ground  should  be  connected  to  the  wire  crossed 
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with  the  faulty  wire  used  in  the  test,  b  represents  the  bad 
wire  and  c  the  good  wire,  1,  1  the  leading  wires  and  g',  g"  the 
ground  connections,  the  former  being  the  fault.  The  resist- 
ance  is  now  adjusted  in  the  variable  resistance  box  until  a 
balance  is  obtained  in  which  case  there  will  be  no  movement  of 
the  galvanometer  needle.  The  value  of  the  resistance  required 
to  give  a  balance  is  recorded  and  designated  IT. 

o  o 


CHECK  METHOD. 

A  check  method  can  easily  be  applied  by  reversing  the 
eading  wires  at  the  Wheatstone  Bridge,  and  then  'by  the 
removal  or  insertion  of  plugs  in  the  variable  resistance  box 
obtain  a  new  balance  which  we  will  call  IT',  see  Figure  6. 

If  a  balance  cannot  be  obtained  when  making  this  last 
test,  it  will  be  necessary  to  reduce  the  ratio  resistance  from 
1,000  ohms  to  100  ohms,  or  possibly  10  ohms.  The  particular 
valued  used  should  be  recorded  and  designated  A''.  The 
letters  A',  IT  and  A",  II"  are  shown  respectively  in  Figures 
5  and  6. 

Letting  L  =  the  length  of  the  cable,  =  \  the  length  of 
the  entire  loop,  and  assuming  that  the  tests  are  made  without 
the  use  of  leading  wires,  the  distance  to  the  fault  by  the  first 
test  = 

2  X  IT 

-  A'  H  IT  x  ^ 

and,  by  the  check  test  the  distance  to  the  fault  = 

2  A" 

A"  II "  X  ^  (^) 

If  the  test  has  been  carried  through  correctly  A'  X  A  "  should 
=  IT  X  11".  If  leading  wires  which  are  equal  in  size  to  the 
wires  of  the  cable  are  used,  L  must  be  increased  by  the  length 
of  one  leading  wire  in  the  above  formulae,  and  then  the  length 
of  one  leading  wire  must  be  subtracted  from  the  calculated 
distance  to  fault  in  order  to  give  the  corrected  distance  to  the 

O 

fault. 
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In  order  to  make  this  method  applicable  when  leading 
wires  different  in  size  from  the  cable  wires  are  used,  it  will  be 
necessary  to  introduce  into  the  two  above  equations  a  new 
term,  which  will  call  /,  and  which  equals  the  length  of  a  wire  <>f 
the  same  diameter  as  that  of  the  cable  wire,  which  would  have 
a  resistance  equal  to  that  of  one  leading  wire.  /  can  be  found  in 
two  ways. 


First,  measure  the  resistance  of  one  leading  wire  and 
divide  it  by  the  rated  resistance  per  foot  of  a  wire  equal  in 
diameter  to  that  of  the  cable  wires.  This  can  be  obtained  from 
the  table  on  page  365  containing  the  resistance  of  wires  of 
different  sizes. 

Second,  multiply  the  length  of  one  leading  wire  by  its 
rated  resistance  per  foot  and  divide  the  product  by  the  rated 
resistance  per  foot  of  the  size  of  the  wire  in  the  cable. 
Introducing  the  values  of  1  thus  found  in  the  new  formula, 
the  distance  of  fault  by  the  first  method  = 

2  X  K'  X  (L  +  l) 

- FTTF - <7> 


and,  by  the  check  method  distance  to  fault  = 

2  X  A"  X  (L  +  Z) 

A'  R  (S) 


In  practice  the  leading  wires  are  generally  short  and  are 

selected  of  a  size  about  equal  to  the  wires  in  the  cable.  /  in 

equations  (7)  and  (S)  is  therefore  made  equal  to  one  leading 

wire.  If  the  leading  wires  are  short  and  differ  by  one  or  two 

sizes  from  the  cable  wires  the  error  thus  introduced  mav  not 

amount  to  more  than  a  few  feet,  which,  in  most  cases,  is 

negligible. 

©  © 


VARLEY  LOOP  METHOD  OF  LOCATING  GROUNDED  OR 

‘  CROSSED  WIRES. 

AYe  will  now  take  up  the  question  of  locating  faults  by 
means  of  the  Varley  Loop.  In  the  application  of  the  Varley 
Loop  several  measurements  are  made  by  means  of  which  we 
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are  enabled  to  calculate  the  exact  resistance  of  that  part  of  the 
faulty  wire  between  the  end  of  the  cable  and  the  point  where 
the  fault  is  located.  If  in  addition  to  this  we  can  obtain  cor¬ 
rectly  the  total  resistance  of  the  faulty  wire  we  can  divide  the 
resistance  to  the  fault  by  said  total  resistance,  thereby  obtain¬ 
ing  a  ratio  which  when  multiplied  by  the  length  of  the  cable 
gives  the  distance  to  the  fault. 

We  will  first  consider  the  question  of  obtaining  the  actual 
resistance  of  the  faulty  wire  between  the  end  of  the  cable  and 
the  fault,  and  afterwards  several  methods  of  obtaining  the 
actual  resistance  of  the  faulty  wire  under  conditions  which  may 
occur  in  practice.  Figure  7  illustrates  the  connections  for  the 
regular  Varley  Loop  test,  and  Figure  8  illustrates  the  connec¬ 
tions  for  a  check  method. 

b  is  the  bad  wire,  c  the  good  wire,  s'  and  s"  the  leading 
wires,  B  the  Battery,  Gr  the  galvanometer,  R'  and  R"  the  ad¬ 
justable  resistances  A'  B',  A"  B"  the  ratio  arms  of  the  Bridge, 
g'  the  fault.  A  careful  examination  of  both  these  Figures  will 
show  that  only,  one  connection  is  made  different  from  the  ordi¬ 
nary  plan  of  the  Wheatstone  Bridge,  viz. :  that  the  side  of  the 
battery,  which  is  usually  connected  to  the  juncture  of  the  ad¬ 
justable  resistance  and  the  line,  is  in  this  case  connected  to 
ground  represented  by  g".  The  method  of  procedure  is  first 
to  determine  the  resistance  between  the  wire  and  ground  of  a 
few  wires  in  the  cable  by  one  of  the  methods  heretofore  de¬ 
scribed.  If  all  the  wires  in  the  cable  are  badly  grounded,  it 
will  be  necessary  to  form  a  loop  circuit  through  another  cable 
or  through  an  aerial  wire,  or  sometimes  by  the  combination  of 
both. 

Having  thus  obtained  a  good  and  bad  wire,  said  wires  are 
thoroughly  connected  at  the  far  end  of  the  cable,  which  is  des¬ 
ignated  by  the  letter  m.  Leading  wires  s'  s"  serve  as  a  means 
of  connecting  the  good  and  bad  wires  with  the  Wheatstone 
Bridge. 

o 

After  setting  up  the  instruments  and  making  the  connec- 
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tions  the  first  step  is  to  determine  by  means  of  the  Wheatstone 
Bridge  the  total  resistance  of  the  circuit  which  includes  the 
resistance  of  the  leading  wires  s'  s",  and  that  of  the  bad  and 
good  wires  b,  c.  This  resistance  we  will  call  r.  The  battery 
connection  for  this  test  is  shown  by  the  dotted  line. 

V 

One  side  of  the  battery  is  now  connected  to  ground  g  as 
shown  in  Fig.  (7)  or,  in  the  case  of  a  cross,  to  the  wire  crossed 
with  the  one  which  is  used  in  the  test,  and  the  variable  resist¬ 
ance  is  adjusted  until  there  is  no  movement  of  the  galvanom¬ 
eter  needle  when  the  requisite  balance  is  obtained.  Said  re¬ 
sistance  is  designated  K'  in  the  diagram,  and  the  actual  resist¬ 
ance  must  be  recorded  without  any  consideration  of  what  the 
resistance  of  the  ratio  arms  of  the  Bridge  may  be.  A',  B' , 
represent  the  ratio  arms  of  the  Bridge  and  A'  will  generally  be 
10  or  100  and  B'  1000. 

CHECK  METHOD. 

After  recording  the  particular  values  used  the  leading 
wires  are  reversed  at  the  terminals  of  the  Wheatstone  Bridge, 
and  a  new  value  R "  which  is  required  to  give  a  balance  is  next 
obtained.  This  with  the  values  of  A"  and  B"  should  then  be 
recorded. 

The  resistance  of  the  leading  wire  s',  which  is  connected  to 
the  faulty  wire,  must  next  be  determined. 

If  the  leading  wires  are  of  the  same  size  and  length,  take 
one-half  their  combined  resistance  as  the  value  of  s',  otherwise 
the  actual  resistance  of  s'  must  be  found  from  direct  measure¬ 
ment  when  both  ends  are  available,  or  by  the  employment  of 
formulae  (20)  and  (21),  when  a  third  wire  is  accessible  and 
both  leading  wires  are  fixed,  or  by  the  following  special  method 
of  the  writer,  which  has  frequently  been  found  of  gieat 
advantage  when  both  ends  of  each  leading  wire  are  not  within 
reach  of  the  Wheatstone  Bridge  and  no  third  wire  is  available. 

Completely  reverse  the  leading  wires  in  Figure  7  so  that 
s'  takes  the  place  of  s",  and  vice  versa.  Then  find  the  resist- 
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ance  R"  to  balance  in  the  same  manner  that  R'  was  obtained, 
then,  letting  S  equal  the  combined  measured  resistance  of  the 
leading  wires, 

S  A'  X  (R" ' — R') 

S  =  ~2~  +  2  (A'  -j-  15') 

The  ratios  A'  and  B'  must  of  course  be  the  same  in  each  test, 
and  the  terms  R" ' — R  must  be  taken  in  the  algebraic  sense, 
viz.,  the  difference  between  R'"  and  R/  must  be  taken  and  the 


value  of  the  last  term  of  the  equation  added  or  subtracted  as 
R"'  is  greater  or  less  than  R'.  If  R" '  equals  R'  then  one 
leading  wire  equals  the  other  in  resistance. 

If  there  is  any  doubt  as  to  whether  the  leading  wires  differ 
in  resistance,  this  formula  will  at  once  settle  the  matter  and  can 
readily  be  applied.  On  one  occasion  the  writer  had  to  use  two 
overhead  wires  which  ran  a  distance  of  over  150  feet  from 
where  the  instruments  were  located  to  the  end  of  the  cable. 
The  necessary  measurements  being  made,  a  calculation  showed 


METHODS  OF  LOCATING  FAULTS. 


347 


the  fault  to  be  about  30  or  40  feet  beyond  the  end  of  the  cable, 

v 

which  of  course  was  an  impossibility.  The  leading  wires  were 
of  exactly  the  same  length,  and  the  writer,  suspecting  that  the 
discrepancy  must  be  due  to  said  wires,  learned  from  inquiry 
that  one  of  said  wires  was  put  up  without  a  joint,  while  the 
other  one  had  to  be  spliced  at  several  points.  Iron  wires 
being  used,  the  jointed  one  would  have  a  higher  resistance  than 
the  other  one.  The  above  method  and  formula  were  then 
devised  and  applied,  and  the  writer's  surmise  was  verified,  after 
which  the  correct  value  of  s'  being  used,  the  fault  was  located 
accurately  near  the  distant  end  of  the  cable. 

The  resistance  of  the  faulty  wire  to  the  fault  a  and  a' 
can  now  be  calculated  from  the  following  formulae: 

o 

B '  x  r  —  A '  x  R' 

a'  =  - — : — jji - —  s' (10)  by  1st  method. 


a 


n 


A"  X  (r  +  R") 


A  " 


—  s'(ll)  by  check  method. 


The  average  resistance  to  fault  =  a 


Q 

Then  the  distance  to  the  fault  =  -r-  X  L 

b 

In  the  above  formula  A',  A",  B',  B"  equal  respectively 
the  ratio  resistance  used  in  the  Wheatstone  Bridge,  as  indicated 
in  Figures  7  and  8,  R'  and  R"  equal  respectively  the  actual 
resistances  found  necessary  to  make  a  balance,  s'  equals  the 
resistance  of  the  leading  wire  adjacent  to  the  bad  wire,  r 
equals  the  combined  resistance  of  the  leading  wires  and  the 
bad  and  good  wires,  as  shown  in  the  diagrams  s'  +  b  -f-  c  +  s'. 

L  =  the  length  of  the  cable. 

b  =  the  resistance  of  the  bad  wire  (see  next  section). 


METHODS  OF  OBTAINING  (b)  THE  RESISTANCE  OF  THE 

FAULTY  WIRE 

1st  condition. 

When  only  one  yood  and  one  had  wire  are  accessible. 

Under  these  conditions  b  cannot  be  determined  accur- 
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ately  with  any  degree  of  certainty,  although  frequently  it  may 
be  determined  sufficiently  close  to  give  very  good  results. 

When  the  good  and  bad  wire  are  in  the  same  cable,  and 
are  both  the  same  size,  the  value  of  b  is  found  by  taking  one- 
half  the  combined  resistance  of  the  good  and  bad  wires,  and  as 
thus  determined  is  generally  sufficiently  close  to  give  good 
results. 

Let  S  =  the  combined  measured  resistance  of  the  leading 

wires  running  from  the  Wheatstone  Bridge  to  the  Cable. 

©  © 

Let  r  =  the  total  measured  resistance  of  the  good  and  bad 

wires  and  the  leading  wires. 

© 

Then,  for  this  case  b  —  1— -S 
We  will  next  consider  the  case  of  a  good  and  bad  wire  of 

O 

different  known  lengths  and  sizes. 

© 

If  both  wires  are  at  practically  the  same  temperature  pro¬ 
ceed  thus  : 

Let  L'=  the  length,  and 

Let  R '  =  the  rated  resistance  per  1000  feet  of  the  bad  wire. 
Let  L"  =  the  length,  and  * 

Let  R"  =  the  rated  resistance  per  L000  feet  of  the  good 
wire.  Then 

L'XR'X  (r-s)  /i  i\ 

L'xK'+L'xR'  1  > 


The  values  of  R'  and  R"  can  be  found  in  the  table  on 
page  365. 

The  last  case  to  be  considered  under  this  particular  head¬ 
ing  will  be  that  of  a  good  wire  of  an  unknown  length  or  size, 
or  both,  and  a  bad  wire  of  known  length  and  size. 

Under  these  conditions  it  is  unnecessary  to  measure  r  as 
we  can  only  get  at  the  approximate  value  by  calculating  its  re¬ 
sistance  from  the  table  mentioned  above. 

Using  the  same  letters  as  above  for  the  length  and  resist- 
ance  per  1000  feet  of  the  faulty  wire, 


L'xR" 


1000 
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This  formula  is  approximately  true  if  the  faulty  wire  has 
an  approximate  temperature  of  about  68°F. 

The  value  of  b  must  bo  increased  by  1%  for  each  5  in  tern- 

V 

perature  that  the  wire  is  above  68°F,  similarly  b  must  be  tie- 
creased  1%  for  every  5  that  the  cable  is  below  68  F. 

If  the  length  and  size  of  the  good  wire  are  known,  and 
those  of  the  bad  wire  unknown,  calculate  the  resistance  of  the 
good  wire  in  a  manner  similar  to  that  just  given  and  subtract 
said  resistance  plus  the  resistance  of  the  leading  wires  from  the 
total  measured  resistance  of  the  loop  to  obtain  b. 

2d  CONDITION. 

When  one  good  wire  and  two  bad  wires  of  the  same 
length  and  size  are  accessible. 

Occasionally  in  practice  all  the  wires  of  a  cable  become 

defective,  owing  to  a  hole  in  the  lead  cover,  which  is  caused 

possibly  by  mechanical  injury,  electrolysis,  or  chemical  action. 

Aerial  cables  are  frequently  injured  by  bullets  which  have 

been  shot  into  them  on  days  of  celebration,  such  as  July  4th. 

If  a  good  wire  is  not  available  for  a  test,  it  often  happens 

that  one  can  be  made  so,  either  through  some  other  cables,  or 

by  the  use  of  an  aerial  wire,  or  by  the  combination  of  both. 

Under  these  conditions  b  can  be  determined  very  accurately  in 

the  following  manner  : 

* 

Measure  the  resistance  of, 

1st.  The  good  wire  in  series  with  one  bad  wire. 

2d.  The  good  wire  in  series  with  the  other  bad  wire. 

3d.  The  good  wire  in  series  with  the  two  bad  wires  in 
multiple. 

Let  b  and  b'  represent  the  respective  resistances  of 
the  bad  wires. 

Let  c  represent  the  resistance  of  the  good  wires. 

Let  r,  m  and  n  represent  the  resistances  measured  as 
above  indicated. 

Figure  9  shows  the  three  sets  of  connections,  and  under- 
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neath  each  is  the  letter  corresponding  to  the  total  resistance  of 
the  circuit.  The  resistance  of  the  leading  wires  s',  s"  does 
not  enter  into  the  calculation,  and  hence  need  not  be  con¬ 
sidered. 

The  correct  formulae  giving  the  values  of  b  and  b'  in 
terms  of  r,  m  and  n  are  a  little  difficult  to  solve,  hence  we  will 
give  two  approximate  formulae  which  are  accurate  enough  for 
all  practical  purposes  where  r  and  m  do  not  differ  by  more 
than  2  or  3  %. 

b=3Xr  +  m-2Xn  (16) 

b'=3_Xm+r_2Xn  (17) 

Jj 

The  theoretically  correct  equations  for  b  and  b'  in  terms 
of  r,  m  and  n  are  as  follows : 

2  _ 

b=r-u  -j-  x/n  X  [n— (r + m)  ]  -J-  r  X  m  (18) 

2  - _ 

b'.=m-n-f- v/nX  [n-(rfm)]-frXm  (19) 

The  resistance  of  wires  of  the  same  size  in  a  cable  do  not 
generally  differ  by  more  than  2  or  3%,  hence  the  approximate 
formulae  can  be  used  in  most  cases. 

It  frequently  happens  that  while  several  good  wires  may 
be  available,  yet  on  account  of  the  interruption  to  the  service 
through  the  failure  of  the  faulty  wires,  only  one  good  wire  can 
be  spared.  Under  such  conditions  the  above  method  can  be 
applied  readily  and  good  results  obtained. 

It  must  be  understood  that  this  method  cannot  be  safely 
applied  to  the  case  of  two  faulty  wires  which  happen  to  be  of 
the  same  size  and  length,  and  end  at  the  same  points,  but  which 
do  not  have  their  respective  faults  at  equal  distances  from  their 
ends.  If  the  resistance  between  the  faulty  wires  and  the  lead 
cover  and  ground  is  high,  say  2000  ohms,  or  more,  the  results 
obtained  can  still  be  considered  good  enough  for  practical  pur¬ 
poses.  By  applying  formulae  (10)  and  (11)  the  resistance  to 
the  fault  of  each  bad  wire  in  turn  can  be  determined,  and  if 
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said  resistances  are  about  equal,  both  bad  wires  can  he  consid¬ 
ered  to  have  their  respective  faults  at  the  same  point. 

When  the  wires  in  a  telephone  cable  begin  to  fail  one  after 
the  other,  the  faults  will  almost  invariably  be  found  at  the 
same  point.  When  the  resistances  of  the  faults  are  low,  and 


there  is  a  possibility  that  each  wire  is  grounded  at  di  tie  rent 
points,  the  next  method  should  be  applied. 


3d  CONDITION. 

When  two  good  wires ,  whose  terminals  are  accessible  to 
hath  ends  of  the  faulty  wires ,  are  available. 

Under  these  conditions  the  values  of  b  can  be  determined 
accurately,  which,  of  course  means  that  the  methods  are  the 
best  for  locating  a  fault  accuratelv.  It  is  not  necessary  that 
the  good  wires  have  the  same  resistance,  nor  that  they  follow 
the  same  route  as  the  faulty  cable.  All  three  wires  can  differ 
widely  in  resistance  and  not  in  any  way  effect  the  test,  neither 
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is  it  necessary  that  the  leading  wires  running  from  the  Wheat¬ 
stone  Bridge  to  the  cable  be  of  the  same  resistance,  but  the 
joint  resistance  of  the  leading  wires  must  be  measured. 

Let  c  and  c'  represent  respectively  the  resistances  of  the 
good  wires. 

Let  b  represent  the  resistance  of  the  faulty  wire. 

Let  s'  and  s"  represent  the  leading  wires,  and  S  their 
combined  resistance.  See  Fig.  10. 

Make  in  turn  the  three  sets  of  connection  represented  in 
Figure  10,  and  measure  for  each  case  separately,  the  total  re¬ 
sistance  of  the  circuit,  designated  respectively  by  the  letters  r, 
r'  and  r"  each  of  which  is  placed  under  the  particular  set  of 
connections  whose  resistance  it  represents. 

Then  h=r+r'~(r"+S)  (20) 

Jj 

c=r+r"-(r'+  S)  (21) 

2i 

The  formulae,  representing  the  resistance  of  c,  is  given 
because  this  method  has  occasionally  to  be  used  to  determine 
the  resistance  of  two  of  three  wires.  Some  times  the  instru¬ 
ments  cannot  conveniently  be  operated  near  the  end  of  the 
faulty  cable,  and  over-head  wires,  or  wires  through  another 
cable  have  to  be  used  for  the  leading  wires.  The  above  form- 
ulfe  will  serve  to  determine  the  individual  resistance  of  two  of 
such  wires  when  a  third  wire  is  available.  Before  proceeding 
to  make  such  test  it  is  best  to  connect  sufficient  wire  to  each  of 
the  three  wires  to  reach  the  Wheatstone  Bridge,  label  the  wires 
c,  c'  and  b,  then  follow  the  diagram  and  formulae  with  this 
exception:  Remove  the  term  S  from  the  formulae. 

METHOD  OF  LOCATING  FAULTS  WHEN  NO  GOOD  WIRE 

IS  AVAILABLE. 

It  is  with  reluctance  that  the  writer  enters  into  a  brief  de¬ 
scription  of  methods  of  locating  faults  under  the  above  condi¬ 
tion,  because  said  methods  can  seldom  be  applied  except  on 
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submarine  cables,  but  this  Paper  would  not  be  complete  with¬ 
out  briefly  considering  one  of  the  commonest  methods  employed 
for  such  faults.  The  description  given  will  be  of  Blavier's 
method  and  it  is  applicable  to  faults  of  low,  unvariable  resist¬ 
ances.  Faults  of  variable  resistance  can  be  located  by  Ayrton 
&  Perry’s  duplex  partial  earth  test,  but  this  requires  apparatus 
which  is  not  often  accessible,  and  Galvanometers  have  to  be 
used  simultaneouslv  at  both  ends  of  the  cable,  so  that  the 


method,  while  applicable  to  submarine  cables,  cannot  be  read¬ 
ily  applied  to  underground  electric  cables.  A  description  of 
this  method  can  be  found  in  most  Hand-Books  dealing  with 
tests  of  submarine  cables. 

To  apply  Blavier's  method  to  the  case,  of  lead  covered 
cables,  the  connections  shown  in  Figure  11  are  made.  A  and  B 
are  the  ratio  arms  of  the  Wheatstone  Bridge,  R  is  the  adjust¬ 
able  resistance,  G  the  Galvanometer,  B  the  Battery,  the  loca¬ 
tion  of  the  fault  is  represented  by*  g. 
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After  making  the  connections  shown,  the  resistance  of  the 
circuit  which  we  will  call  r,  is  measured  in  the  ordinary  man¬ 
ner  with  the  Wheatstone  Bridge.  If  said  resistance  is  vari¬ 
able  it  will  be  useless  to  try  to  locate  the  fault  by  this  method. 
If,  on  the  contrary,  the  resistance  r  is  constant,  the  next  step 
will  be  to  connect  the  conductor  at  the  far  end  of  the  cable  to 
the  lead  cover  of  the  cable,  the  connections  to  the  Wheatstone 
Bridge  being  unchanged  at  the  near  end  of  the  cable,  after 
which  the  resistance  of  the  circuit,  which  we  will  call  r',  is 
measured. 

The  drawing  above,  r',  shows  the  connections  at  the  dis¬ 
tant  end  of  the  cable,  and  it  is  thought  unnecesary  to  show  the 
connections  at  the  near  end  of  the  cable,  seeing  that  they  are 
already  represented  in  the  drawing  above,  r. ' 

Let  a  =  the  resistance  of  the  faulty  wire  as  far  as  the 
fault. 

Let  b=  the  total  resistance  of  the  faultv  wire. 

Let  L  =  the  length  of  the  cable. 

O 

Then  a— r' — v/(r-r')  (b-r ' )  (22) 


a 


and  the  distance  to  the  fa*ult  =— -X  L  (23; 

b 

If  b,  the  total  resistance  of  the  faulty  wire  is  not  known, 
it  may  be  approximately  calculated  by  formula  (15),  but  as 
this  may  not  always  be  satisfactory,  the  writer  has  devised  a 
modification  of  Blavier’s  method  by  which  it  is  possible  to  cal- 
calate  a,  the  resistance  to  the  fault,  and  also  b,  the  total  resist¬ 
ance  of  the  faulty  wire. 

In  order  to  do  this  the  two  measurements  of  Blavier's 
method  just  described  are  first  made,  and  then  a  known  resist¬ 
ance,  which  we  will  call  m,  is  inserted  between  the  conductor 
and  lead  at  the  distant  end  of  the  cable,  the  connections  at  the 
near  end  of  the  cable  being  unchanged.  The  drawing  above, 
r",  represents  the  connections  at  the  far  end  of  the  cable. 

Let  r"  =  the  total  resistance  of  the  circuit. 
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Let  c  =  the  resistance  between  the  fault  and  the  distant 
end  of  the  cable. 


We  have  a  =  r —  J  111  |r  x  r'  -r  i  r '  -  r"-n]  (24 


r  -l 


a2— (r  r ' )  X  aJ-rXr' 
r-r ' 


Now  a  +  c  =  b. 


a 


a 


Hence  the  distance  of  the  fault  =  “  X  L  =  ‘  X  L  i  26) 

a+c  b 


Where  L  =  the  length  of  the  cal)le. 

The  resistance  of  the  fault  is  equal  to  the  term  which  has 
to  be  subtracted  from  r  in  equation.  (24) 

This  method  can  only  occasionally  be  applied  in  practice 
because  faults  generally  have  a  variable  resistance. 


PRACTICAL  METHODS  OF  LOCATING  FAULTS  WHEN  THE 
ORDINARY  APPARATUS  IS  NOT  ACCESSIBLE. 

The  Wire  Bridge  Method. 

The  writer  has  applied  this  method  very  successfully  both 
in  locating  faults  in  electric  light  cables  having  a  cross-section 

r  c  r 

as  high  as  1,000,01)0  C.M.,  as  well  as  in  telephone  cables. 

To  apply  this  method  it  is  necessary  to  have  a  good  wire 
of  the  same  size  and  length  as  the  faulty  wire.  Figure  12 

c  v  C 

shows  the  connections.  The  good  and  bad  conductors  are  con- 
nected  at  m,  the  distant  end  of  the  cable,  g  represents  the  loca¬ 
tion  of  the  fault  in  the  bad  cable,  a  loop  of  wire  is  thoroughly 
connected  to  both  conductors  at  the  near  end  of  the  cable,  and 
is  represented  by  a  circular  line.  G  is  the  Galvanometer  or 
volt  meter,  and  in  case  neither  are  available  a  telephone  re¬ 
ceiver  can  be  used. 

In  Figure  12  the  current  obtained  from  the  Dynamo  I) 
passess  through  incandescent  lamps  L  to  the  wire  loop  at  b, 
whence  it  divides  and  returns  to  the  Dynamo  to  the  fault  at  g, 
in  case  such  current  is  not  available  a  battery  can  be  used,  but 
in  such  case  the  wire  employed  for  the  loop  must  have  consul- 
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erable  resistance.  The  direct  current  should  be  employed. 
When  alternating  currents  are  used  a  telephone,  and  not  a 
galvanometer,  must  be  employed,  but  then  the  right  point  of 
balance  may  not  exactly  be  found  on  account  of  effects  due  to 
capacity  and  self-induction. 

When  locating  faults  on  large  electric  light  cable,  a  No.  T 
or  No.  6  bare  copper  wire  should  be  used,  and  the  fault  ought 

to  be  located  quite  accurately  with  about  10  amperes  of  cur¬ 
rent. 


Having  made  the  connections  shown,  it  is  only  necessary 
to  move  the  connecting  point  b  along  the  loop  until  a  balance 
is  obtained,  in  which  case  the  galvanometer  needle  will  not  be 
deflected.  When  a  telephone  is  used,  the  point  of  balance  will 
be  located  when  there  is  no  sound  in  the  telephone,  at  the  mo¬ 
ment  of  making  or  breaking  the  battery  circuit.  Having  ob- 
tained  the  point  of  balance  b,  the  length  of  the  wire  from  b  to 
the  faulty  conductor  is  measured  and  is  designated  a. 
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Let  1  =  the  total  length  of  the  wire  used  in  the  bridge. 

Let  L  =  the  length  of  the  faulty  wire  or  cable. 

The  distance  to  the  fault  =  ‘l  X  2L  (27) 

For  locating  faults  in  electric  light  cables  15  or  20  feet  of 
wire  will  be  sufficient  to  give  good  results.  For  locating  faults 
in  telephone  or  telegraph  cables,  the  writer  has  used  a  bridge 
of  wire  bent  back  and  forth  on  a  board  in  parallel  lines,  as 
shown  in  Figure  13.  Lines  at  right  angles  to  the  above,  and 
equally  spaced,  served  as  a  means  of  reading  the  number  of 
divisions  fiom  one  end  of  the  wire  bridge  to  the  point  of 
balance. 


WHEN  THE  FAULTY  WIRE  CONSISTS  OF  TWO  WIRES 

OF  DIFFERENT  SIZES. 


When  a  fault  has  to  be  located  under  the  conditions  speci¬ 
fied  in  the  heading,  first  determine  the  value  of  a,  the  resist¬ 
ance  of  the  fault,  and  b,  the  resistance  of  the  faulty  wire,  by 
the  most  suitable  of  the  methods  given. 

Letting 

O 

L'  =  the  length  of  the  size  of  conductor  adjacent  to  the 
testing  instrument. 

r'"  =  the  probable  resistance  of  the  above. 

L"  =  the  length  of  the  other  size  of  conductor. 

r"  —  the  probable  resistance  of  the  above. 

R'  =  the  rated  resistance  per  1000  feet  of  the  first  men¬ 
tioned  size. 


R"  —  the  rated  resistance  per  1000  feet  of  the  second 
mentioned  size. 

For  values  of  R'  and  R",  see  table  on  Page . 


rp,  ,  bxL  /oo\  i  a  bxL 

Then  r  =g-  (28)  and  r  |; 


(29) 


-  XL"-  L' 

J  > 


XL'  +  L 


R '  R " 

If  a,  the  resistance  of  the  fault,  is  less  than  r',  then  the 


a 


distance  to  the  fault  is  — -  X  L  (30) 

r 
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But  if  a  is  more  than  r',  then  the  distance  to  the  fault  is 

L'+^*L"  (31) 

METHODS  OF  LOCATING  BROKEN  OR  OPEN  WIRES. 

Breaks  in  underground  electric  cables  cannot  be  located 
as  accurately  as  grounded  or  crossed  wires  can  under  favorable 
conditions. 

The  reason  for  this  is  because  the  tests  are  made  by  a  com¬ 
parison  between  the  electrostatic  capacity  of  the  broken  wire 
to  the  break,  and  that  of  a  good  wire  running  the  full  length 
of  the  cable.  Now  the  electrostatic  capacity  of  different  wires 
in  a  cable  is  much  more  un-uniform  than  the  resistance  of  the 
wire,  hence  the  reason  for  the  discrepancy.  The  electrostatic 
capacity  of  different  wires  in  a  telephone  cable  may  vary  as 
much  as  5%. 

If  the  insulation  resistance  of  the  broken  wire  is  high,  and 
the  break  is  so  complete  that  no  current  crosses  at  the  point  of 

rupture,  the  position  of  the  faulty  wire  can  be  located  accur- 

/ 

ately  enough  for  most  practical  purposes.  If,  however,  moist¬ 
ure  has  entered  the  cable  in  sufficient  quantity  to  make  the  in¬ 
sulation  resistance  of  the  wires  low,  the  fault  cannot  be  located 
accurately  with  any  degree  of  certain ty. 

This  subject  is  a  broad  one,  and  very  much  would  have  to 
be  written  to  treat  it  comprehensively,  and  hence  the  writer 
will  confine  himself  to  a  few  of  the  most  practical  methods. 

The  first  thing  to  do  is  to  measure  the  insulation  resistance 
of  the  broken  wire,  and  also  of  a  good  wire.  If  said  insula- 
tion  resistances  are  over  15  or  20  megohms  the  fault  can  be 

o 

located  all  right.  If  the  insulation  resistance  is  as  low  as  1 
megohm,  the  fault  cannot  be  located  accurately  with  any  de¬ 
gree  of  certaintv.  This  last  statement  is  not  necessarily  true 
with  reference  to  long  submarine  cables,  where  the  conditions 
are  different  and  where  special  methods  are  applied,  and  special 
instruments  used,  which  are  not  generally  practicable  or  acces¬ 
sible  in  dealing  with  underground  electric  cables. 

O  O 
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There  are  two  general  methods 
can  be  located  quite  accurately. 


by  which  breaks  in  cables 

v 


FIRST  METHOD. 

In  the  application  of  this  method  the  electrostatic  capacity 
of  the  faulty  wire  as  far  as  the  break  is  measured,  and  also  that 
of  a  good  wire  running  the  total  length  of  the  cable. 

The  former  divided  by  the  latter  gives  a  ratio  by  which 
the  total  length  of  the  cable  is  multiplied  in  order  to  get  the 
distance  to  the  fault.  This  method  can  only  be  applied  suc¬ 
cessfully  when  a  reflecting  galvanometer  is  available,  and 
hence,  on  account  of  the  great  length  of  this  paper,  it  will  be 
treated  very  briefly  in  order  that  more  time  may  be  given  to 
the  second  and  more  practical  method.  Figure  16  illustrates 
the  general  connections  which  are  used  when  measurements  of 
electrostatic  capacity  have  to  be  made.  B  is  the  Battery,  (i 
the  galvanometer,  K  the  discharge  key,  S  a  switch  which 
serves  to  make  connection  to  the  conductor  I)  of  the  cable  C, 
or  to  the  standard  of  electrostatic  capacity  L. 

When  the  key  is  pressed  down  the  point  3  is  connected  to 
1  and  the  cable  or  condenser,  as  the  case  may  be,  is  charged 
by  the  Battery.  When  the  key  is  released  the  points  2  and  3 
are  connected,  and  the  discharge  goes  through  the  gal  van- 
ometer  causing  the  needle  to  lie  deflected,  said  deflection  being 

commonly  called  the  “throw"  or  “discharge  deflection"  of 

% 

the  galvanometer. 

FIRST  CONDITION. 


WHEN,  IN  THE  CABLE  CONTAINING  A  FAULTY  WIRE, 

A  GOOD  WIRE  IS  AVAILABLE. 

To  apply  this  method  to  the  above  condition  the  Switch 
S,  or  its  equivalent  in  the  form  of  a  wire,  is  connected  to  the 
broken  wire  and  the  discharge  deflection,  which  we  will  call  d, 
is  observed. 

Then  similarly  S  is  connected  to  a  good  wire,  and  the  dis 
charge  deflection,  which  we  will  call  d',  is  observed. 
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Let  L  =  the  length  of  the  cable. 

O 

The  distance  to  the  fault  =  xL  (32) 

In  the  case  of  a  telephone  cable  in  which  the  wires  consist 
of  twisted  pairs,  it  is  best  to  use  a  mate  of  the  faulty  wire  as 
the  good  wire  referred  to  above,  and  if  it  is  impracticable  to 


C 


ground  to  the  lead  of  the  cable  all  the  conductors  in  the  cable, 
except  the  one  used  in  making  the  test,  the  mate  of  the  faulty 
wire  should  be  grounded  when  the  discharge  deflection  of  the 
faultv  wire  is  observed,  and  similarlv  both  ends  of  the  faulty 
wire  should  be  grounded  when  the  discharge  deflection  of  its 
mate  is  being  observed. 
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SECOND  CONDITION. 

WHEN  NO  GOOD  WIRE  IS  AVAILABLE. 

In  this  case  it  will  1)3  necessary  to  set  up  the  instruments 
consecutively  at  each  end  of  the  cable  as  shown  in  Figure  16. 

Let  d  =  the  discharge  deflection  of  the  broken  wire  from 
the  first  end  of  the  cable. 

Let  D  =  the  discharge  deflection  of  the  Condenser  L 
when  used  at  the  first  end  of  the  cable. 

Let  d'=  the  discharge  deflection  of  the  faulty  conductor 
at  the  other  end  of  the  cable. 

Let  D'  ,==  the  discharge  deflection  of  the  Condenser  L 
when  used  at  the  other  end  of  the  cable. 

Let  L  =  the  length  of  the  cable. 

Then,  the  distance  to  the  fault  from  the  first  end  of  the 
dxL 

cable  = - .. - (33) 

d+_  Xcl' 

1)' 

The  same  amount  of  battery  must  be  used  throughout  the 
tests  at  either  end  of  the  cable,  but  it  is  not  necessary  to  use 
the  same  amount  at  one  end  that  was  used  at  the  other. 

SECOND  METHOD. 

The  second  method  can,  in  almost  all  cases,  be  readily 
applied  with  very  satisfactory  results.  It  is  a  well  known  fact 
that  an  electrostatic  capacity,  when  subjected  to  an  alternating 
current  or  a  reversed  current,  can  be  treated  as  a  resistance, 
its  equivalent  being  a  resistance  which,  when  subjected  to  the 
same  voltage  applied  in  the  same  manner,  would  allow  the  same 
current  to  pass.  On  account  of  this  fact  it  is  possible  to  com¬ 
pare  capacities  by  means  of  resistances,  and  vice  versa. 

The  equivalent  resistance  to  a  certain  electrostatic  capacity 
varies  with  the  frequency  of  reversal  or  alteration,  but  this 
fact  can  be  ignored  in  making  comparisons  if  a  balance  method 
similar  to  the  Wheatstone  Bridge  be  employed,  and  if  non-in¬ 
ductive  resistances  be  used.  In  the  subsequent  treatment  of 
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this  subject  it  must  be  remembered  that  the  resistances  vary  in 
reverse  ratio  to  the  electrostatic  capacity,  or,  in  other  words, 


than  a  small  electrostatic  capacity. 


The  writer  is  indebted  to  Mr.  Snyder,  of  the  C.  D.  &  P. 
Telephone  Company,  for  the  application  of  this  principle  to  the 
case  of  telephone  cables  which  is  illustrated  in  Figure  Id. 


Mr.  Snyder  claims  that  his  men  have  used  this  method 
very  successfully.  Figure  Id  illustrates  this  method.  In  some 

v  t/  O 

respects  it  is  similar  to  the  Murry  loop  method  for  locating 
faults.  K  is  the  adjustable  resistance  and  A  one  of  the  ratio 
arms  of  the  Wheatstone  Bridge.  B  is  the  battery,  r  is  a  revers¬ 
ing  switch  which  should  be  made  to  reverse  continually  by  a 
rotating  motion. 

O 

a  is  a  faulty  conductor  which  is  broken  at  g,  and  b  its 
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mate;  c  is  a  good  conductor,  and  d  its  mate;  a  and  d  are  con¬ 
nected  respectively  to  R  and  A,  the  terminals  of  the  telephone 
being  connected  to  the  same  point  as  shown  in  the  diagram. 

One  terminal  of  the  reversed  battery  circuit  goes  to  the 
juncture  of  A  and  R,  the  other  terminal  of  the  reversed  battery 
circuit  is  connected  to  b,  the  mate  of  the  faulty  wire,  and  to 
the  good  wire  c.  As  soon  as  the  connections  are  all  made  the 
reversing  switch  r  is  rotated,  and  at  the  same  time  the  resist- 
ance  R  is  adjusted  until  no  sound  is  heard  in  the  Telephone  T. 

Let  L  =  the  length  of  the  cable. 

The  distance  to  the  fault  =  --XL  (34) 

When  applying  this  test  the  ends  of  the  wires  a,  b,  c,  d, 
must  be  disconnected  from  everything  at  the  far  end  of  the 
cable.  The  best  values  of  A  will  depend  upon  the  amount  of 
battery  available,  and  the  length,  and  electrostatic  capacity  of 
the  cable.  With  cables  1000  feet  long,  50  or  100  cells  may 
have  to  be  used  to  give  good  results,  and  A  may  have  to  be  100 
or  1000  ohms. 

In  applying  the  test  to  cables  of  large  capacity  or  consid¬ 
erable  length,  smaller  values  of  A  may  have  to  be  used,  and 
less  battery  will  be  required  to  give  good  results. 

WHEN  NO  GOOD  WIRE  IS  AVAILABLE. 

Figure  15  shows  the  application  of  this  method  to  the  case 
of  a  cable  where  no  good  wire  is  available. 

R  is  the  adjustable  resistance,  A  the  ratio  arm  of  the 
Wheatstone  Bridge,  T  a  telephone,  r  a  reversing  switch,  and  B 
the  battery,  K  the  condenser  or  standard  of  electrostatic 
capacity,  g"  a  ground  connection,  and  g'  the  location  of  the 
fault. 

To  apply  this  method  the  connections  shown  in  Figure  15 
are  made.  First  a  balance  is  obtained  by  adjusting  the  resist¬ 
ance  R  so  that  no  sound  is  heard  in  the  Telephone  T. 

The  values  of  A  and  R  are  then  recorded,  after  which  the 
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instruments  are  removed  to  the  far  end  of  the  cable.  Connec¬ 
tions  similar  to  those  shown  in  the  Figure  are  now  made  to  a' . 
The  adjustable  resistance  is  then  varied  until  a  balance  is  ob¬ 
tained.  Having  recorded  the  new  values  A',  1C,  the  distance 
to  the  fault  from  the  first  end 

AxR'  v  t  /0„x 

= - XL  (3o) 

AxR  -FA  R  1  ; 


The  last  two  general  methods  can  be  varied  to  suit  special 
conditions  which  may  occur  in  practice,  but  which  cannot  be 
treated  in  a  paper  of  this  kind.  The  Electrical  World  of 
June  27  and  July  T,  11,  18,  1891,  contain  articles  written  by 
the  writer  which  go  more  fully  into  special  original  methods 
for  locating  breaks  under  a  variety  of  conditions. 
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TABLE  SHOWING  THE  DIMENSIONS  AND 
EESISTANCE  OF  COPPEK  WIKE. 


B.  &  S.  G. 
Number. 

Diameter 
in  Mils. 

Cross  Section 
Circular  Mils. 

Ohms  per  1000 
Feet  at  0S°  F. 

0000 

460. 

211600. 

.04S93 

000 

409.6 

167800. 

.06170 

O0 

364.8 

133100. 

.07780 

0 

324.9 

105500. 

.09811 

1 

289.3 

83690. 

.1237 

2 

257.6 

66370. 

.1560 

3 

229.4 

52630. 

.1067 

4 

204.3 

41740. 

.2480 

5 

181.9 

33100. 

.3128 

6 

162.0 

26250. 

.3944 

7 

144.3 

20820. 

.4973 

8 

128.5 

16510. 

.6271 

9 

114.4 

13090. 

.7908 

10 

101.9 

103S0. 

.9972 

11 

90.74 

8234. 

1.257 

12 

80.81 

6530. 

1.586 

13 

71.96 

5178. 

1.999 

14 

64.08 

4107. 

2.521 

15 

5  7.07 

325  7. 

3.179 

16 

50.82 

2583. 

4. 009 

IT 

45.26 

2048. 

5.055 

18 

40.30 

1624. 

6.374 

19 

35.  S9 

1288. 

8.038 

20 

31.96 

1022. 

10.14 

21 

28.46 

810.1 

12.78 

22 

25. 35 

642.6 

16.12 
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discussion. 

Mr.  C.  F.  Scott,  (Vice  President  in  the  chair) — This  paper 
has  been  of  special  interest  to  those  who  are  engaged  in  the 
electrical  profession.  It  has  attracted  a  number  of  electri¬ 
cians,  and  we  have  been  fortunate  enough  to  receive  from  them 
several  applications  for  membership.  In  a  certain  way,  a  paper 
of  this  kind  does  not  appeal  directly  to  those  in  other  profes¬ 
sions.  I  suppose  there  are  many  here  who  have  as  little  prac¬ 
tical  use  for  Mr.  Fisher’s  paper  as  he  has  for  other  papers  that 
are  presented  to  the  Society  from  time  to  time;  however,  it  is 
an  excellent  thins;  for  members  in  one  line  of  business  to  hear 
what  our  members  are  doing  in  other  lines.  The  general  sub- 
ject,  this  evening,  is  of  interest  to  us.  We  are  receiving  our 
commodities  from  central  stations.  We  receive  our  water 
through  a  system  of  pipes.  We  are  receiving  our  gas  through 
a  system  of  pipes.  Now  we  are  receiving  our  electric  light 
and  power,  and  do  our  telephoning  and  telegraphing  through 
systems  of  cables,  and  it  is  a  great  satisfaction  to  us  to  know 
when  our  lights  go  out,  that  there  are  experienced  men  at 
work  in  these  lines  who  can  find  the  trouble  by  scientific  meth-r 
ods  It  is  interesting  to  hear  how  faults  can  be  found  by 
these  delicate  instruments,  and  to  know  that  they  can  deter¬ 
mine,  by  their  wizzard  methods,  that  the  error  is  down  in  a 
conduit  in  front  of  Smith's  grocery,  or  some  other  definite 
place.  Although  Mr.  Fisher  has  great  confidence  in  the  for¬ 
mula,  still  I  think  he  would  rather  take  chances  upon  his 
checker-board  calculator  than  his  formula.  There  is  an  inter¬ 
esting  difference  in  the  faults  between  electric  cables  and  those 
of  gas  and  water  pipes.  The  water  pipes  may  spring  a  leak 
and  do  no  damage,  with  the  exception  of  flooding  a  kitchen  or 
cellar ;and  the  gas  pipe  might  spring  a  leak  and  do  nothing 
worse  than  blow  out  the  side  of  the  house v  If  a  little  leak  oc¬ 
curs  in  an  electric  cable  it  usually  tends  to  destrov  the  insula- 
tion,  so  that  the  fault  becomes  greater  until  there  is  a  sudden 
break  down,  concentrating  in  some  cases  hundreds  of  horse- 
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power  at  the  defective  point,  which  naturally  produces  a  very 
serious  burnout.  It,  therefore,  becomes  of  great  interest  to 
know  that  if  a  little  fault  begins  to  occur,  it  may  be  detected 
and  remedied  before  any  violent  action  takes  place.  Mr. 
Fisher  has  given  his  methods  for  locating  these  errors,  which 
are  a  little  in  advance  of  the  text-books  on  this  subject,  and 
much  of  the  data  is  in  a  more  practical  form  than  can  be  found 
elsewhere.  The  paper  is  open  for  discussion.  It  is  of  a  char¬ 
acter  that  hardly  bears  general  discussion. 

Mr.  Fisher — There  are  present  several  gentlemen  who, 
if  they  would,  could  give  us  some  valuable  information  on  this 
subject.  Mr.  Snyder  might  say  something  of  interest. 

Mr.  K.  A.  L.  Snyder — I  have  nothing  to  say,  as  it  is  very 
late,  and  there  is  little  that  I  could  add  to  this  subject  that  Mr. 
Fisher  has  not  touched  upon. 

A  Member — I  would  ask  Mr.  Fisher  if  alternating  cur- 
rents,  in  conjunction  with  a  telephone  and  a  triangular  coil  are 
used  in  determining  the  location  of  faults? 

Mr.  F  isher — Yes,  that  method  has  been  applied,  but  not 
with  very  satisfactory  results.  It  is  rather  difficult  to  find  just 
where  the  point  is.  It  was  tried  a  good  deal  by  the  Cataract 
Construction  Co.,  but  was  not  very  satisfactory. 

A  vote  of  thanks  was  tendered  Mr.  Fisher  for  the  very 
excellent  paper  of  the  evening. 

On  motion  the  Society  adjourned  at  10.50. 

Reginald  A.  Fessenden, 

Secretary. 
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MEETING  OF  T11F  CHEMICAL  SECTION. 


Pittsbubg,  Pa.,  Dec.  20,  1900. 

The  regular  monthly  meeting  of  the  Chemical  Section  was 
held  at  410  Penn  Avenue,  Pittsburg,  Pa. 

Mr.  A.  G.  McKenna  in  the  chair. 

Minutes  of  the  previous  meeting  rend  ami  approved. 

The  Chairman  appointed  the  follow  ing  Nominating  <  «_>m- 
mittee:  Mr.  J.  M.  Camp,  Prof.  F.  C.  Phillips  an  i  Mr.  Rich. 

On  motion,  the  Committee  adjourned  to  the' reading  room 
and  reported  the  following  nominees: 

Chairman,  A.  G.  McKenna. 

Vice,  K.  F.  Stahl. 

Secretary,  A.  Gross. 

Directors,  Mr.  Craver,  Mr.  Arnold. 


Prof.  Phil!  '  l  the  paper  of  the  evening,  his  subject 


>eing  “The  Condition  of  the  Organ ic  Matter  in  Water. 


TT 


Moved  and  seconded  that  a  vote  f  th  inks  'e  ter  dered 
Prof.  Phillips  for  his  paper,  an  juest  that  be  have  it  pub¬ 
lished  .  Adjourned  at  10’  P.  M. 

Geo.  O.  Loeeflele. 


8  .  •  . 


ERRATA. 

In  the  November  number  of  the  “Proceedings'"  page  3  17. 
13  lines  from  the  bottom  it  shou  d  iread  The  wcele  :s  then 
broken  to  pieces  about  one  inch  through.  not:  “one  fc.t 
through. " 


